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SPECIAL NOTES 


API publications necessarily address problems of a general nature. With respect to partic- 
ular circumstances, local, state, and federal laws and regulations should be reviewed, 

API is not undertaking to meet the duties of employers, manufacturers, or suppliers to 
warn and properly train and equip their employees, and others exposed, concerning health 
and safety risks and precautions, nor undertaking their obligations under local, state, or 
federal laws. 

Information concerning safety and health risks and proper precautions with respect to par- 
ticular materials and conditions should be obtained from the employer, the manufacturer or 
supplier of that material, or the material safety data sheet. 

Nothing contained in any API publication is to be construed as granting any right, by 
implication or otherwise, for the manufacture, sale, or use of any method, apparatus, or prod- 
uct covered by letters patent. Neither should anything contained in the publication be con- 
strued as insuring anyone against liability for infringement of letters patent. 

Generally, API standards are reviewed and revised, reaffirmed, or withdrawn at least every 
five years. Sometimes a one-time extension of up to two years will be added to this review 
cycle. This publication will no longer be in effect five years after its publication date as an 
operative API standard or, where an extension has been granted, upon republication. Status 
of the publication can be ascertained from the API Authoring Department [telephone (202) 
682-8000). A catalog of API publications and materials is published annually and updated 
quarterly by API, 1220 L Street, N.W., Washington, D.C. 20005. 

This document was produced under API standardization procedures that ensure appropri- 
ate notification and participation in the developmental process and is designated as an API 
standard. Questions concerning the interpretation of the content of this standard or com- 
ments and questions concerning the procedures under which this standard was developed 
should be directed in writing to the director of the Authoring Department (shown on the title 
page of this document), American Petroleum Institute, 1220 L Street, N.W., Washington, 
D.C. 20005. Requests for permission to reproduce or translate all or any part of the material 
published herein should also be addressed to the director. 

API standards are published to facilitate the broad availability of proven, sound engineer- 
ing and operating practices. These standards are not intended to obviate the need for apply- 
ing sound engineering judgment regarding when and where these standards should be 
utilized. The formulation and publication of API standards is not intended in any way to 
inhibit anyone from using any other practices. 

Any manufacturer marking equipment or materials in conformance with the marking 
requirements of an API standard is solely responsible for complying with all the applicable 
requirements of that standard. API does not represent, warrant, or guarantee that such prod- 
ucts do in fact conform to the applicable API standard. 


All rights reserved. No part of this work may be reproduced, stored in a retrieval system, or 
transmitted by any means, electronic, mechanical, photocopying, recording, or otherwise, 
without prior written permission from the publisher. Contact the Publisher, 

API Publishing Services, 1220 L Street, N.W., Washington, D.C. 20005. 
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FOREWORD 


This new standard was formerly API Publications 2517 and 2519. 

API publications may be used by anyone desiring to do so. Every effort has been made by 
the Institute to assure the accuracy and reliability of the data contained in them; however, the 
Institute makes no representation, warranty, or guarantee in connection with this publication 
and hereby expressly disclaims any liability or responsibility for loss or damage resulting 
from its use or for the violation of any federal, state, or municipal regulation with which this 
publication may conflict. 

Suggested revisions are invited and should be submitted to the Measurement Coordinator, 
American Petroleum Institute, 1220 L Street, N.W., Washington, D.C. 20005. 
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Chapter 19—Evaporative Loss Measurement 


SECTION 2—EVAPORATIVE LOSS FROM FLOATING-ROOF TANKS 


1 Scope 


This publication contains methods for estimating the total 
evaporative losses or the equivalent atmospheric hydrocarbon 
emissions from external floating-roof tanks (EFRTs) and 
freely vented internal floating-roof tanks (IFRTs), as well as 
for tanks with external-type floating roofs that also have a 
freely vented fixed roof. This type of tank is referred to as a 
covered floating-roof tank (CFRT) in this document. 

The equations that appeared separately in API Publication 
2517 [1] and API Publication 2519 [2] are combined in this 
document. The standing storage loss factors have been 
revised to reflect the results of the most recent testing. 

This publication was developed by the API Environmental 
Technical Advisory Group. The equations and factors pre- 
sented are based on recent laboratory, test-tank, and field-tank 
data and supercede previous publications. The equations are 
intended to provide loss estimates for general equipment 
types, since it is not within the scope of this publication to 
address proprietary equipment designs. 

Typical currently available types of floating roofs, rim seal 
systems, and deck fittings are described for information only. 
This publication is not intended to be used as a guide for 
equipment design, selection, or operation. 

The equations are intended to be used to estimate annual 
losses from floating-roof tanks that contain multicomponent 
hydrocarbon mixtures (such as petroleum liquid stocks like 
crude oils and gasolines) or single-component hydrocarbon 
stocks (such as petrochemicals). The equations are applicable 
to the various types of tank construction, floating roof con- 
struction, rim seal systems, and deck fittings, as described in 
Section 8, as well as for various liquid stocks, stock vapor 
pressures, tank sizes, and wind speeds (EFRTs). The equa- 
tions are applicable to properly maintained equipment under 
normal working conditions. 

The equations were developed for liquids that are not boil- 
ing, stocks with a true vapor pressure ranging from approxi- 
mately 0.1 to less than 14.7 pounds per square inch absolute 
(but not greater than the atmospheric pressure at the tank 
location), average wind speeds ranging from 0 to 15 miles per 
hour (EFRTs), and tank diameters greater than 20 feet. The 
estimation techniques become more approximate when used 
to estimate losses for time periods shorter than one year. The 
estimation may be improved by using detailed field informa- 
tion, including climatic data and operational data for the 
appropriate time period. 

The equations are not intended to be used in the following 
applications: 


Copyright por American Petroleum Institute 
Wed Feb 09 16:29:09 2005 


a, To estimate losses from unstable or boiling stocks or from 
petroleum liquids or petrochemicals for which the vapor pres- 
sure is not known or cannot readily be predicted. 

b. To estimate losses from tanks in which the materials used 
in the rim seal, deck fittings, or deck seams have either deteri- 
orated or been significantly permeated by the stored stock. 

c. To estimate losses from storage tanks that do not have a 
floating roof of any kind. 

d. To estimate losses from closed internal or covered float- 
ing-roof tanks (that is, tanks vented only through a pressure- 
vacuum relief vent, blanketed with an inert gas, vented to a 
vapor processing unit, or otherwise restricted from being 
freely vented). 


The equations for estimating evaporative stock loss or the 
equivalent total atmospheric emissions from volatile stocks 
stored in floating-roof tanks are given in Section 4. The fac- 
tors for the standing storage loss equation are discussed in 
Section 5 and for the withdrawal loss equation in Section 6. 
Sample problems illustrating the use of the equations are pro- 
vided in Section 7. 

These loss-estimating procedures are applicable only to 
EFRTs (as described in Appendix C of API Standard 650, 
Welded Steel Tanks for Oil Storage) (3), IFRTs of freely 
vented design (as described in Appendix H of API Standard 
650) [3], and CFRTs (as described in Appendix G of API 
Standard 650) [3] of freely vented design (as described in 
Appendix H of API Standard 650) [3]. Descriptions of the 
types of construction covered by this publication are given in 
Section 8. 

The bases and development of the loss-estimation proce- 
dures presented in Sections 4 through 7 are described in Sec- 
tion 9. 

The estimation procedures were developed to provide esti- 
mates of typical losses from floating-roof tanks that are prop- 
erly maintained and in normal working condition. Losses 
from poorly maintained tanks may be greater. Because the 
loss equations are based on equipment conditions that repre- 
sent a large population of tanks, a loss estimate for a group of 
floating-roof tanks will be more accurate than a loss esti- 
mate for an individual tank. It is difficult to determine pre- 
cise values of the loss-related parameters for any 
individual tank. 

Equipment should not be selected for use based solely on 
evaporative-loss considerations. Many other factors not 
addressed in this publication, such as tank operation, mainte- 
nance, and safety, are important in designing and selecting 
tank equipment for a given application. 
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3 Definitions 


Selected terms are defined in this section, and a complete 
list of nomenclature is given in Table 1. 


3.1 covered floating-roof tank (CFRT): A floating- 
roof tank that has both a fixed roof at the top of the tank shell, 
and an external-type of floating roof designed in accordance 
with Appendix C of the API Standard 650 [3]. The CFRTs are 
thus distinguished from external floating-roof tanks (EFRTs), 
which do not have a fixed roof, and internal floating-roof 
tanks (IFRTs), which have a fixed roof but have the lighter 
type of floating roof (designed in accordance with Appendix 
H of API Standard 650) [3]. The CFRTs are described in 
more detail in 8.2.3. 


3.2 deck: That part of a floating roof that provides bouy- 
ancy and structure and that covers the majority of the liquid 
surface in a floating-roof tank. The deck has an annular space 
around its perimeter to allow it to rise and descend (as the 
tank is filled and emptied) without binding against the tank 
shell. This annular space is closed by a flexible device called 
arim seal. The deck also may have penetrations, closed by fit- 
tings, which accomodate some functional or operational fea- 
ture of the tank. Typical deck constructions are described in 
8.1.2. 


3.3. deck fitting: A device that substantially closes or 
seals a penetration in the deck of a floating-roof tank. Such 
penetrations are typically for the purpose of accommodating 
some functional or operational feature of the tank. Typical 
deck fittings are described in 8.1.4. 


3.4 deck seam: The joint attaching adjacent sheets or 
panels in the floating deck. Certain types of internal floating- 
roof decks are constructed of sheets or panels that are joined 
by mechanical means, such as by bolting or clamping. Such 
mechanically-joined deck seams have an associated deck- 
seam loss. Other types of internal floating-roof decks, and 
virtually all external floating-roof decks, are constructed of 
metal sheets that are joined by welding. Such deck seams do 
not have an associated deck-seam loss. Deck seams are 
described in more detail in 8.1.5. 


3.5 external floating-roof tank (EFRT): A floating- 
roof tank that does not have a fixed roof at the top of the shell. 
The EFRTs are thus distinguished from internal floating-roof 
tanks (IFRTs) and covered floating-roof tanks (CFRTs), both 
of which do have fixed roofs to protect the floating roofs from 
environmental loads. External floating roofs are typically 
designed in accordance with Appendix C of API Standard 
650 [3]. The EFRTs are described in more detail in 8.2.1. 


3.6 floating roof: A device that floats on the surface of 
the stored liquid in a floating-roof tank. A floating roof sub- 
Stantially covers the liquid product surface, thereby reducing 
its potential for exposure to evaporation. Floating roofs are 
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comprised of a deck, a rim seal, and miscellaneous deck fit- 
tings. ; 


3.7 floating-roof tank: A vessel for storing bulk liquids, 
having a vertical cylindrical shell and also having a floating 
roof that rests on the stored liquid. A floating-roof tank may 
additionally have a fixed roof attached to the top of the tank 
shell. Floating-roof tanks are described in more detail in 8.2. 


3.8 internal floating-roof tank (IFRT):; A fioating-roof 
tank that has a fixed roof at the top of the tank shell, and a 
lightweight floating roof designed in accordance with Appen- 
dix H of the API Standard 650 [3]. Internal floating-roof tanks 
are thus distinguished from external floating-roof tanks and 
covered floating-roof tanks, both of which have the heavier 
type of floating roof (designed in accordance with Appendix 
C of API Standard 650) [3}. Some deck fittings, such as deck 
legs, may more closely resemble the construction typical of 
API Standard 650, Appendix C-type decks [3]. Judgment 
should be used in determining the appropriate loss factor for a 
specific deck fitting. Internal floating-roof tanks are described 
in more detail in 8.2.2. 


3.9 loss factor: An expression used to describe the evap- 
orative loss rate characteristics of a given floating-roof 
device. In order to obtain the total standing storage evapora- 
tive loss rate for a floating-roof tank, the sum of the evapora- 
tive loss factors for each of the individual devices is modified 
by certain characteristics of both the climatic conditions and 
the stored liquid. The characteristics of the stored liquid are 
expressed as a vapor pressure function, the stock vapor 
molecular weight, and a product factor. Loss factors for typi- 
cal floating-roof equipment are presented in 5.2. 


3.10 product factor: A factor that describes the evapora- 
tive loss characteristics of a given liquid. The product factor, 
the stock vapor molecular weight, and the vapor pressure 
function are multiplied by the sum of the floating-roof loss 
factors to determine the total standing storage evaporative 
loss rate of a floating-roof tank. Product factors are presented 


* in 5.3.3. 


3.11 rim seal: A flexible device on a floating roof that 
closes the annular space between the deck and the tank shell. 
When a floating roof has two such devices, one mounted 
above the other, the lower is the primary seal and the upper is 
the secondary seal. Typical rim seal systems are described in 
8.1.3. 


3.12 standing storage loss: Loss of stored liquid stock 
by evaporation past the floating roof during normal service 
conditions, This does not include evaporation of liquid that 
clings to the tank shell (and fixed-roof support columns, if 
any) and is exposed to evaporation when the tank is being 
emptied (withdrawal loss). Nor does it include vapor loss that 
may occur when the liquid level is sufficiently low so as to 
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Table 1—Nomenclature 
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Reference Information 
Symbol Description Units Equations Tables Figures 
A Constant in the vapor pressure equation dimensionless 20, 21, 24 2 3,5 
A deck Area of the deck square feet 18 
B Constant in the vapor pressure equation degrees Rankine 20, 22, 25 2 4,6 
Cc Clingage factor barrels per 1000 square feet 6 3 
D Tank diameter feet 6, 10, 17 3 
exp Exponential function 20 2 
F, Effective column diameter feet 6, 27 3 
Fy Total deck-seam loss factor pound-moles per year 1,5, 17 2 
Fy Total deck-fitting loss factor pound-moles per year 1, 4, 13 2 
F, Total rim-seal loss factor pound-moles per year 1, 3, 10 2 
i Fitting number, 1, 2... .. k dimensionless 13, 14 
k Total number of different types of deck fittings dimensionless 13, 14 
K, Product factor dimensionless 1,3,4,5 2 
Ka Deck-seam loss per unit seam length factor pound-moles per foot*year 17 
Kya; Zero-wind-speed loss factor for a particular pound-moles per year i4 6 
type of deck fitting 
Kyi Wind-dependent loss factor for a particular pound-moles per 14 6 
type of deck fitting (miles per hour)"*year 

Kg Loss factor for a particular type of deck fitting pound-moles per year 13, 14 6 
K, Rim-seal loss factor pound-moles per footeyear 10, 12 4 
Kn Zero-wind-speed rim-seal loss factor pound-moles per footeyear 11, 12 4 
Ky Wind-dependent rim-seal loss factor pound-moles per 11 4 

(miles per hour)**footeyear 
x, Fitting wind-speed correction factor dimensionless 14, 15 
t Length of a deck panel feet 10 
La Total deck-seam loss pounds per year 5 
L; Total deck-fitting loss pounds per year 4 
In Natural logarithm function 21, 22,24,25 2 
L, Rim-seal loss pounds per year 3 
L, Standing storage loss pounds per year or 1, 2, 8,9 2 

barrels per year 
Leeam Total length of deck seams feet 18 
L, Total loss pounds per year or 8,9 

barrels per year 
Ly Withdrawal loss pounds per year or 6,7, 8,9 3 

barrels per year 
m, Wind-dependent loss exponent for a particular dimensionless 14 6 


type of deck fitting 
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Table 1—Nomenclature (Continued) 


Reference Information 


Symbol Description Units Equations Tables Figures 
M, Average molecular weight of stock vapor pounds per pound-mole 1, 3, 4, 5, 26 2 
a Wind-dependent rim-seal loss exponent dimensionless | 4 
Niah Number of access hatches dimensionless 6 
Ne Number of fixed-roof support columns dimensionless 6 3, 6,7 
Neda Number of deck drains dimensionless 6,8 
Nea Number of deck legs dimensionless 6,9 
Nege Number of gauge floats (automatic gauge) dimensionless 6 
Nz Number of deck fittings of a particular type dimensionless 13 6 
Ng Number of vertical ladders dimensionless 6 
New Number of rim vents dimensionless 6 
Nesgp Number of slotted (perforated) guidepoles dimensionless 6 
Nesp Number of gauge hatch/sample ports dimensionless 6 
Neugp Number of unslotted (unperforated) guidepoles dimensionless 6 
Nevb Number of vacuum breakers dimensionless 6,8 
P Stock true vapor pressure at the average stock pounds per square inch absolute 19, 20 2 1,2 
storage temperature 
P, Average atmospheric pressure at the tank location pounds per square inch absolute 19 2 
pe Vapor pressure function dimensionless 1,3, 4, 5, 19 
Q2 Annual net throughput (associated with barrels per year 6 
lowering the liquid stock level in the tank) 
RVP Stock Reid vapor pressure pounds per square inch 21, 22,24,25 2 1, 2, 3, 4, 5,6 
§ Stock ASTM-D86-Distillation of Petroleum degrees Fahrenheit per 21, 22, 23 2 1,3,4 
Products distillation slope at 10 volume volume percent 
percent evaporated 
Sq Deck-seam length factor feet per square feet 17, 18 10 
Ts Temperature at which 5 volume percent is evaporated degrees Fahrenheit 23 2 
Tis Temperature at which 15 volume percent is evaporated degrees Fahrenheit 23 2 
T, Average annual ambient temperature degrees Fahrenheit 15, 16 
T; Average stock storage temperature degrees Fahrenheit 20 2 1,2 
Vv Average ambient wind speed at the tank site miles per hour 11,14 5 
w Width of deck sheet or panel feet 10 
Ww, Average liquid stock density at the average pounds per gallon 6 3 
storage temperature 
Ww, Average liquid stock density at 60°F pounds per gallon 7 
Ww Density of the condensed vapor pounds per gallon 2, 26 2 
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allow the floating roof to rest on its support legs. The standing 
storage loss equation is presented in 4.2. 


3.13 vapor pressure function: A dimensionless factor 
used in the loss estimation procedure, that is a function of the 
ratio of the vapor pressure of the stored liquid to average 
atmospheric pressure at the storage location. The vapor pres- 
sure function, the stock vapor molecular weight, and the 
product factor are multiplied by the sum of the equipment 
loss factors to determine the total standing storage evapora- 
tive loss rate of a floating-roof tank. The vapor pressure func- 
tion is presented in 5.3.1. 


3.14 withdrawal loss: Loss by evaporation of the liquid 
that clings to the tank shell (and fixed-roof support columns, 
if any) and is exposed to evaporation when the tank is being 
emptied (withdrawal loss). The withdrawal loss equation is 
presented in 4.3. 


4 Equations for Estimating Losses 
4.1 GENERAL 


This section presents the equations for estimating the total 
annual evaporative stock loss or the equivalent atmospheric 
hydrocarbon vapor emissions from volatile stocks stored in 
floating-roof tanks. The total loss, L, is the sum of the stand- 
ing storage loss, L,, and the withdrawal loss, L,. In some 
cases, the withdrawal loss may be negligible (see section 6); 
in these cases, the total loss is approximately equal to the stand- 
ing storage loss. The loss mechanisms are discussed in 9.2. 

For convenience, a description of each variable is given 
after its first usage in an equation in each section. In addition, 
a complete list of nomenclature is given in Table 1. 


4.2 STANDING STORAGE LOSS 


The following minimum information is needed to estimate 
the standing storage loss, L,: 


a. The true vapor pressure of the stock (or the Reid vapor 
pressure and average storage temperature of the stock). 

b. The type of stock. 

c. The tank diameter. 

d. The type of floating roof (external type built in accordance 
with API Standard 650, Appendix C (EFRTs and CFRTs); or 
internal type built in accordance with API Standard 650, 
Appendix H (IFRTs) [3}). 

e. The type of fixed roof construction (column-supported or 
self-supporting (IFRTs and CFRTs); or none (EFRTs)). 

f. The average ambient wind speed at the tank site, for tanks 
that do not have a fixed roof (EFRTs). 


Improved estimates of the standing storage loss can be 
obtained through a knowledge of some or all of the following 
additional information: 


a. The type of tank shell construction (welded or riveted) 
(EFRTs). 
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b. The type of rim seal system. 

c, The type and number of deck fittings. 

d. The type of floating-roof deck construction (pontoon or 
double-deck, if API Standard 650, Appendix C type (EFRTs 
and CFRTs); welded or bolted, and length of bolted deck 
seams, if API Standard 650, Appendix H type (IFRTs) [3]). 

e. The molecular weight of the stock vapor. 


The standing storage loss, L,, includes losses from the nm 
seal and the deck fittings, and from the deck seams if they are 
of bolted construction (IFRTs). The standing storage loss can 
be estimated as follows: 


L, = [(F,) + (Fj) + (Fa)] P* M, K, (1) 


L, = standing storage loss, in pounds per year. 
F, = total rim-seal loss factor, in pound-moles per year. 
F, = total deck-fitting loss factor, in pound-moles per year. 
F, = total deck-seam loss factor, in pound-moles per year. 
P* = vapor pressure function (dimensionless). 
M, = average molecular weight of stock vapor, in pounds 
per pound-mole. 
K, = product factor (dimensionless). 


The standing storage loss is converted from pounds per 
year to barrels per year as follows: 


pounds 
barrels hy year 
L, ( year \- 42 W, 2) 


Where: 


W, = density of the condensed vapor, in pounds per 
gallon. 


The constant, 42, in Equation 2 has units of gallons per 
barrel. 

The procedures used to calculate the standing storage loss 
are summarized in Table 2. 

Equation 1 was derived by adding together the three equa- 
tions that represent the independent loss contributions of the rim 
seal, the deck fittings, and the deck seams. The following equa- 
tions can be used to estimate these independent contributions: 


L, = F, P*M, K, (3) 
Ly = FP; P*M, K, (4) 
La = F; P*M, K, (5) 


Where: 


L, = total rim-seal loss, in pounds per year. 
L, = total deck-fitting loss, in pounds per year. 
Ly = total deck-seam loss, in pounds per year. 


The other variables are as defined in Equation 1. 
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Table 2—-Summary of Procedure for Calculating Standing Storage Loss 


Standing Storage Loss Equations: 


L, (pounds/year) = [(F) + (F,)+ (Fy)] PEM, K, 
L $ (bartels/year) = L '¢ (pounds/year) / 42 Ww, 


8 
Equipment-Related Factors 
Variable Definition 
F, = total rim-seal loss factor 
=K,D (Equation 10) 
K, =rim-seal loss factor 
=K,+KyV" (Equation 11) 
K,, = zero-wind-speed rim-seal loss factor 
Ky» = wind-dependent rim-seal loss factor 
V = average ambient wind speed at the tank site 
n = wind-dependent rim-seal loss exponent 
D = tank diameter 
F, = total deck-fitting loss factor 
= {(NaXa) + (NpKp) +tiu.t (Wo Ka] 
(Equation 13) 
N, = number of fittings of a particular type 
K, = deck-fitting loss factor for a particular 
type of fitting 
= Key + Key (KYVY™ (Equation 14) 
Kjaj_ = zero-wind-speed deck-fitting loss factor 
Kj = wind-dependent deck-fitting loss factor 
K, = fitting wind-speed correction factor 
m, = wind-dependent deck-fitting loss exponent 


i 


= fitting number, 1, 2, ...,k 


V =average wind speed at the tank site 


k 


Fy 
Ky 
Sa 


Lecam 


Ageck 


= total number of different types of deck 
fittings 


= total deck-seam loss factor 

= Kg5qb” 

= deck seam loss per unit seam length 
factor 

= deck-seam length factor 

= Leyeam / Adeck 

= total length of deck seams 

= area of deck 


= nD*/4 


(Equation 17) 


(Equation 18) 


D =tank diameter 
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Units of Measurement 


pound-moles per year 
pound-moles per foot*year 


pound-moles per footeyear 

pound-moles per (miles per 
hour)"+foot-year 

miles per hour 

(dimensionless) 


feet 


pound-moles per year 


(dimensionless) 
pound-moles per year 


pounds-moles per year 

pound-moles per (miles per 
hour)™ year 

(dimensionless) 

(dimensionless) 

(dimensionless) 

miles per hour 


(dimensionless) 


pound-moles per year 
pound-moles per foot-year 
feet per square feet 


feet 
square feet 


feet 


(Equation 1) 
(Equation 2) 


Source 


For tanks without a fixed roof (EFRT): 
Equation 10, using values from Table 4; or 
read values for X, directly from Table 4 for 


selected wind speeds. 


User specified or Table 5. 

For tanks with a fixed roof (IFRT/CFRT): 
The value of V in equation 11 is set equal 
to zero, therefore K, in equation 11 is equal 
to K,, from Table 4. 

User specified. 


If specific information about the type and 
number of deck fittings is available: 


Equations 13 and 14, using values from 
Tables 6-9; or read values for K, directly 


from Table 6 for selected wind speeds. 
if specific information is not available: 
Typical values may be obtained from 
Tables 6-9 (EFRT/IFRT/CFRT) 


K, = 0.7 (EFRT) 


For tanks with a fixed roof (IFRT/CFRT): 
The value of Vin equation 14 is set equal to 
zero, therefore K,, in equation 13 is equal to 
K, fai from Table 6 


Equation 17, where: (IFRT) 
K, equals: 
0 for a welded deck 
0.34 for a bolted deck 
Sq equals: 
If Lyeam is not known, Table 10 


If Liam is not known, Equation 18 


STD-API/PETRO MPMS 19.2-ENGL 19597 = 0732290 OSb444e2 23T = 


Section 2—Evaponative Loss FROM FLOATING-ROOF TANKS 9 


Table 2—Summary of Procedure for Calculating Standing Storage Loss (Continued) 


Standing Storage Loss Equations: 


L, (pounds/year) = ((F) + (Fe) + (Fq)] PtM,, K. (Equation 1) 
L % (barrels/year) = L e (pounds/year) / 42 Ww, (Equation 2) 
Stock-Related Factors 
Variable Definition Units of Measurement 


P* = vapor pressure function 


= (P/P,) 1 (14{1-(P/P,) 5}? 


tank site 


P =true vapor pressure at the average 
stock storage temperature 


=exp [A - BAT,+459.6)] 


exp = experimental functions 


', = average atmospheric pressure at the 


s = average storage temperature of stock 


(Equation 19) 


(Equation 20) 


A = constant in the vapor pressure equation 
= 15.64-1.8548°5-(0.8742-0.32805°)In(RVP) 


for refined petroleum stocks 


or, for crude oils: 
= 12.82 - 0.9672 In(RVP) 


(Equation 21) 


(Equation 24) 


B =constant in the vapor pressure equation 
= 8742-10425°5-(1049-179.45°)In(RVP} 


for refined petroleum stocks 


or, for crude oils: 
=7261 - 1216 In(RVP) 


RVP = Reid vapor pressure 


(Equation 22) 


(Equation 25 


S = slope of the ASTM-D86 distillation curve, 


at 10 percent evaporated 
= (T,5-Ts5¥10 


(Equation 23) 


Ts = temperature at which 5 percent volume is 


evaporated 


Ts = temperature at which 15 percent volume is 


evaporated 


vy = average molecular weight of stock vapor 


Source 


(dimensionless) 


pounds per square inch absolute 


pounds per square inch absolute 


degrees Fahrenheit 


(dimensionless) 


degrees Rankine 


pounds per square inch 
degrees Fahrenheit 
volume percent 


degrees Fahrenheit 


degrees Fahrenheit 


pounds per pound-mole 


Table 11 or Equation 19 


Equal to 14.7 unless user specified. 


Equation 20, or 
for refined petroleum stocks: Figure ! 
for crude oils: Figure 2 


User specified or Tables 15 and 16. 


For refined petroleum stocks: 
Equation 21 or Figure 3. 
For crude oils: Equation 24 or Figure 5. 
For selected other petroleum liquids: Table 13. 
For selected petrochemicals: Table 14. 


For refined petroleum stocks: 
Equation 22 or Figure 4. 
For crude oils: Equation 25 or Figure 6. 
For selected other petroleum liquids: Table 13. 
For selected petrochemicals: Table 14 


User specified. 
Table 12 or Equation 23. 


User specified or: 
64 for gasoline 
50 for midcontinent crude oil 
Table 14 for selected petrochemicals 


K, = product factor 


(dimensionless) 


1.0 for refined stocks 
0.4 for crude oil 
1.0 for single-component stocks 


W, =density of condensed vapor 
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pounds per gallon 


User specified or: 
0.08M, for gasoline (Equation 26) 
Table 14 for selected petrochemicals 
Equal to liquid stock density for single- 
component stocks 
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4.3. WITHDRAWAL LOSS 


The withdrawal loss, L,, , can be estimated from the fol- 
lowing information: 


a. The annual net throughput (associated with lowering the 
liquid stock level in the tank), 

b. The type of stock. 

c. The average liquid stock density. 

d. The tank diameter. 

e. The condition of the tank shell [and fixed-roof support col- 
umns, if any (IFRTs and CFRTs)]. 


A slight improvement in the withdrawal loss estimate can 
be obtained for tanks with column-supported fixed roofs if 
the type, condition, and number of columns are known for the 
particular tank under consideration. 

The withdrawal loss, L,,, pertains to the evaporation of liq- 
uid stock that clings to the tank shell (and any fixed-roof sup- 
port columns) while the stock is withdrawn. The withdrawal 
loss can be estimated as follows: 


(0.943) OCW, | [ (Ne Fe | 
I ee eee 
by = [5 *~D S 
Where: 
L, = withdrawal loss, in pounds per year. 
Q = annual net throughput (associated with lowering the 
liquid stock level in the tank), in barrels per year. 
Cc clingage factor, in barrels per 1000 square feet. 


W, = average liquid stock density at the average storage 
temperature, in pounds per gallon. 
D = tank diameter, in feet. 
Ne, = number of fixed-roof support columns (dimension- 
less)(IFRTs and CFRTs). 
F, = effective column diameter, in feet (IFRTs and 
CFRTs). 


The constant, 0.943, in Equation 6 has dimensions of 
(1000 cubic feet) x [gallons per (barrel squared)]. 

The withdrawal loss is converted from pounds per year to 
barrels per year as follows: 


L (ees) 
barrels) "\._- year 
(Ser )*"—aw 


Where: 


W, = average liquid stock density at 60°F, in pounds per 
gallon. 


The constant, 42, in Equation 7 has units of gallons per 
barrel. 

The procedures used to calculate withdrawal loss are sum- 
marized in Table 3. 
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4.4 TOTALLOSS 


The total loss, L,, in pounds per year and barrels per year, 
can be estimated as follows: 


pounds) _ a) 
by (Eee) = (ety) (PRS 8) 
L, (=) = (L,+L,) (=) (9) 
year year 
Where: 
L, = total loss. 
L, = standing storage loss. 
L, = withdrawal loss. 


5 Standing Storage Loss Factors 
5.1 GENERAL 


Information is given in this section on how to determine 
specific values for the variables in the standing storage loss 
equations given in 4.2. Tables, figures, and the range of values 
of the variables for which the standing storage loss equations 
are applicable are cited for reference. Where appropriate, a 
distinction is made between EFRT, IFRT, and CFRT values. 
These distinctions primarily involve wind effects and the con- 
struction of the floating roof. 

To obtain the most accurate estimate, the detailed quanti- 
ties, sizes, and other information pertinent to the specific tank 
or tanks under consideration should be used. The typical 
quantities and sizes included in the tables should be used only 
when actual detailed information is not available. More 
detailed discussions of the development, definition, and 
effects of these variables are given in Section 9 and the 
appendixes. 

Those standing storage loss factors that pertain to the 
design of the tank and floating roof are designated equip- 
ment-related factors and are considered separately from those 
factors that pertain to the characteristics of the stored liquid 
stock. The equipment-related factors are F,, F,, and F, from 
Equation 1 and are described in Section 5 for each type of 
floating-roof tank. 

The standing storage loss factors that pertain to the charac- 
teristics of the stored liquid stock are designated stock-related 
factors. The stock-related factors are P*, M, , and K, from 
Equation 1, and are described in 5.3. 

While the equipment-related loss factors are expressed in 
units of pound-moles per year, they must be multiplied by the 
dimensionless stock-related factors, P* and K,, in order to 
determine actual pound-moles per year of evaporative loss for 
a given liquid product. To convert the actual pound-moles per 
year to pounds per year, multiply by the molecular weight of 
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the product in its vapor phase, M,, with molecular weight hav- 
ing units of pounds per pound-mole. 


5.2 EQUIPMENT-RELATED FACTORS 


The equipment-related factors are the total rim-seal loss 
factor, F,, discussed in Section 5.2.1; the total deck-fitting loss 
factor, F,, discussed in Section 5.2.2; and the total deck-seam 
loss factor, F,, discussed in Section 5.2.3 (IFRTs). These loss 
factors are dependent on the tank size, the type of floating 
roof deck, the type of rim seal and the type of fixed roof, if 
one is present (IFRTs and CFRTs). The tank size is described 
by the diameter, D, in feet. The various types of floating roof 
decks, rim seals, and deck fittings are described more fully in 
Section 8. 


5.2.1. Rim-Seal Loss Factor 


The rim-seal loss factor, F,, can be estimated as follows: 


F, =K,D (10) 
Where: 


F, = total rim-seal loss factor, in pound-moles per year. 
K, =rim-seal loss factor, in pound-moles per footeyear. 
D = tank diameter, in feet. 


The rim-seal loss factor, K, can be estimated as follows: 


K, =K, +Kp V" (11) 
Where: 


K,, = zero-wind-speed rim-seal loss factor, in pound-moles 
' per footeyear. 
K,, = wind-dependent rim-seal loss factor, in pound-moles 
per (miles per hour)"*footeyear. 
V = average ambient wind speed at the tank site, in miles 
per hour. 


Table 3—Summary of Procedure for Calculating Withdrawal Loss 


Standing Storage Loss Equations: 


(0.943) QCW, (N,,F.) . 
L, = [> —[ + Se] (Equation 6) 
ds 
Le) 
(conele = year (Equation 7) 
»\" year 42 W, 
Variable Definition Units of Measurement Source 
Q =annual net throughput (associated with barrels per year User specified 
lowering the liquid stock level in the tank) 
C =clingage factor barrels per 1000 square feet Table 17 
W, = average liquid stock density at the average pounds per gallon User specified, or 
stock storage temperature (for Equation 6) 6.1 for gasoline 
Table 14 for selected petrochemicals 
D =tank diameter feet User specified 
Nye = humber of fixed-roof support columns (dimensionless) For tanks with a column-supported fixed 
roof (IFRTs): User specified or Table 7 
For tanks with a self-supporting fixed 
roof (CFRTs) or without a fixed roof 
EFRTs): 0 
F, = effective column diameter feet Equation 27, with user specified column 
, , perimeter, or 
= column perimeter (feet) (Equation 27) For 9-inch by 7-inch built-up columns: 
3.1416 1 
For 8-inch diameter pipe columns: 
0.7 
If column type is not known 
W, = average liquid stock density pounds per gallon User specified, or 
at 60°F (for Equation 7) 6.1 for gasoline 
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n= wind-dependent rim-seal loss exponent (dimension- 
less). 


For tanks with fixed roofs (IFRTs and CFRTs), ambient 
wind speed is not a significant parameter, and the value of V 
in Equation 11 is set equal to zero. The equation then 
becomes: 


K, = Ky (12) 


The rim-seal loss factors, K,,, K,, and n, are given in Table 
4 as a function of tank construction and rim-seal system type. 
There are three basic types of primary seals: vapor-mounted, 
liquid-mounted, and mechanical-shoe. Vapor-mounted_pri- 
mary seals are mounted on the floating roof so that a vapor 
space exists between the liquid stock and the bottom of the 
primary seal. Vapor-mounted primary seals include resilient- 
filled seals positioned sufficiently above the liquid surface so 
as to not be in contact with it, and the blade-type of seals 
commonly known as flexible-wiper seals. Liquid-mounted 
primary seals are typically resilient-filled seals mounted so 
that the bottom of the seal touches the liquid. 

In addition to the primary seal, some rim-seal systems also 
are equipped with a secondary seal. For mechanical-shoe pri- 
mary seals, the secondary seal can be either shoe-mounted or 
rim-mounted, For typical liquid- and vapor-mounted seals, 
the secondary seal is only rim-mounted. 

The loss factors for average-fitting seals are applicable for 
typical rim-seal conditions and should be used except when a 
rim-seal system is known to be consistently tight-fitting (that 
is, when there are no gaps more than '4 inch wide between the 
rim seal and the tank shell), in which case the loss factors for 
tight-fitting seals are applicable. 

Loss factors were developed for average-fitting seals 
because it was not possible to quantify parameters for all rim- 
seal conditions that affect loss. It was thus not possible to 
determine an exact relationship between the rim-seal loss and 
rim-seal conditions. 

The rim-seal loss factor, K, can be estimated using Equa- 
tion 11, or read directly from Table 4 for selected ambient 
wind speeds. API-certified rim-seal loss factors for specific 
equipment may be substituted when they are available. 

The rim-seal loss factors are only applicable for ambient 
wind speeds from 0 to 15 miles per hour. If the average ambi- 
ent wind speed, V, at the tank site is not available, wind-speed 
data from the nearest local weather station or values from 
Table 5 may be used as an approximation. Average ambient 
wind speeds are not required for tanks with fixed roofs 
(IFRTs and CFRTs). 

If no information is available on the specific type of tank 
construction and rim-seal system, a welded tank with a 
mechanical-shoe primary seal may be assumed to represent 
the most common type currently in use for API Standard 650, 
Appendix C-type decks (EFRTs and CFRTs), and a vapor- 
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mounted primary seal may be assumed for API Standard 650, 
Appendix H-type decks (IFRTs) [3]. However, estimations 
based on such assumed data should be used only as a prelimi- 
nary indication of evaporative losses. Losses from specific 
tanks must be based on the actual tank characteristics. 


§.2.2 Deck-Fitting Loss Factor 


If information is available on the specific type and number 
of deck fittings, the total deck-fitting loss factor, F;, can be 
estimated as follows: 


Fe = [(Ny Ka) + (Nie Kiz) +. + (No Ku)] (13) 


Where: 
F; = total deck-fitting loss factor, in pound-moles per 
year, 
N, = number of deck fittings of a particular type (dimen- 
sionless). 
K, = loss factor for a particular type of deck fitting, in 
pound-moles per year. 
i = fitting number, 1, 2, ..., k (dimensionless). 
k = total number of different types of deck fittings 
(dimensionless). 


The loss factor for a particular type of deck fitting, K,, can 
be estimated as follows: 


Ky = Kurt Ko (KV) (14) 
Where: 
K, = loss factor for a particular type of deck fitting, in 
pound-moles per year. 
K,; = zero-wind-speed loss factor for a particular type of 
deck fitting, in pound-moles per year. 
Ky, = wind-dependent loss factor for a particular type 
of deck fitting, in pound-moles per (miles per 
hour)™*year. 
m; = wind-dependent loss exponent for a particular type 
of deck fitting (dimensionless), 
i = fitting number, |, 2, ..., k (dimensionless). 
k = total number of different types of deck fittings 
(dimensionless). 
K, = fitting wind-speed correction factor (dimension- 
less). 
V = average ambient wind speed at the tank site, in 
miles per hour. 


For tanks without fixed roofs (EFRTs), the fitting wind- 
speed correction factor, K,, is given below: 
K, = 0.7 (15) 


For tanks with fixed roofs (IFRTs and CFRTs), ambient 
wind speed is not a significant parameter, and the value of V 
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in Equation 14 is set equal to zero. The equation then deck-fitting conditions; API-certified deck-fitting loss factors 
becomes: for specific equipment may be substituted when they are 

available. 
Ke = Res Us) Since the number of each type of deck fitting can vary sig- 
The most common deck fittings are listed in Table 6, along nificantly from tank to tank, N, values for each type of deck 
with the associated loss factors, K;, , Ky, , and m, for various fitting should be determined for the tank under consideration. 
types of construction details, except that no most-common If this information is not available, typical N, values are given 


configuration is given for guidepoles with API Standard 650, in Tables 6, 7, 8, and 9. 

Appendix C-type decks (EFRTs and CFRTs) (3]. Evaporative 

loss estimates for these tanks must be based on the actual 5.2.3 Deck-Seam Loss Factor 
guidepole characteristics. 

The deck-fitting loss factors may only be used for ambient 
wind speeds from 0 to 15 miles per hour. The loss factor for a 
particular type of deck fitting may be estimated using Equa- 
tion 14 or read directly from Table 6 for selected ambient 
wind speeds. These loss factors are applicable for typical 


Deck-seam loss factors only apply to API Standard 650, 
Appendix H-type decks (IFRTs) [3] that are of bolted con- 
struction. The total deck-seam loss factor, Fj, can be esti- 
mated from Equation 17: 

(continued on page 18) 


Table 4—Rim-Seal Loss Factors, K,,, K,, and n; and 
Rim-Seal Loss Factors, K, , at Selected Average Ambient Wind Speeds 


Average-Fitting Seals Tight-Fitting Seals 
Zero-Wind = Wind- Wind- Zero-Wind = Wind- Wind- 
Speed Dependent Dependent Rim-Seal Loss Factor Speed Dependent Dependent Rim-Seal Loss Factor 
Loss Loss Loss K, Loss Loss Loss K, 
Factor Factor Exponent (Ib-mole/ft-yr) Factor Factor Exponent (!b-mole/ft-yr) 
Ki n 0 5 10 15 Ku n 0 5 10 15 
Krag {!b-moles/ Lon [lb-moles/ 
Tank Construction and (Ib-moles/  (mi/hr)" — (dimension- {Ib-moles/  (mi/hr)”— (dimension- 
Rim-Seat System ft-yr) ft-yr] less) (mph) (mph) (mph) (mph) ft-yr) ft-yr) less) (mph) (mph) (mph) (mph) 
Welded Tanks 
Mechanical-shoe seal 
Primary only 5.gh¢ 0.36 2.16 5.8 15 44 94 1.5 0.4 1.9 15 10 33 70 
Shoe-mounted secondary 1.6 0.3 1.6 16 55 14 24 10 04 1.5 10 55 14 24 
Rim-mounted secondary 0.6 0.4 10 0.6 26 46 66 0.4 0.4 1.0 04 24 #44 «64 
Liquid-mounted seal 
Primary only 16 03 15 16 50 11 19 1.0 0.08 18 10 24 #60 II 
Weather shield 07 0.3 1.2 0.7 28 #55 84 0.4 0.2 13 04°20 44 7.2 
Rim-mounted secondary 0.3 0.6 03 0.3 1300615 #17 0.3 0.4 0.4 02 10 12 1.4 
Vapor-mounted seal 
Primary only 6.74 0.2 3.0 6.7 32 210 680 5.6 0.2 2.4 5.6 15 56139 
Weather shield 33 0.1 3.0 32 16 100 340 2.8 0.1 2.3 28 69 23 54 
Rim-mounted secondary 2.2 0.003 43 2.2 §2 62 340 2.2 0.02 2.6 22 35 10 25 
Riveted Tanks 
Mechanical-shoe seal 
Primary only 10.8 0.4 2.0 11 2 «S51 «(100 e € e 
Shoe-mounted secondary 9.2 0.2 1.9 92 14 25 44 e e e 
Rim-mounted secondary 1.1 0.3 1.5 1d 45 1b 19 e e e 


Note: The rim-seal loss factors, K,, X,,, and n, may only be used for ambient wind speeds from 0 to 15 miles per hour. 
‘Criteria for seal tightness are defined in 5.2.1. 


When no specific information is available, a welded tank with an average-fitting mechanical-shoe primary seal only can be assumed to represent the most common or typical con- 
struction and rim-seal system in use on (CFRT). 


°When no specific information is available, a welded tank with an average-fitting mechanical-shoe primary seal only can be assumed to represent the most common or typical con- 
struction and rim-seal system in use on (EFRT). 


“When no specific information is available, a welded tank with an average-fitting vapor-mounted primary seal only can be assumed to represent the most common or typical con- 
struction and rim-seal system in use on (IFRT). 


®No evaporative-loss information is available for riveted tanks with consistently tight-fitting rim-seal systems. 
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14 Cxapter 19—Evaroranive Loss MEASUREMENT 
Table 5—Average Annual Ambient Wind Speed, V, for Selected U.S. Locations 
Ambient Wind Speed Ambient Wind Speed Ambient Wind Speed 
Location (miles per hour) Location (miles per hour) Location (niles per hour) 
Alabama Connecticut Kansas 
Birmingham 72 Bridgeport 12.0 Concordia 12.3 
Huntsville 8.2 Hartford 8.5 Dodge City 14.0 
Mobile 9.0 Goodland 12.6 
Montgomery 66 Delaware Topeka 10.0 
Wilmington 9.1 Wichita 12.3 
Alaska 
Anchorage 69 District of Columbia Kentucky 
Annette 10.6 Dulles Airport 74 Cincinnati Airport 9.1 
Barrow 11.8 National Airport 94 Jackson 72 
Barter Island 13.2 Lexington 9.3 
Bethel 12.8 Florida Louisville 84 
Bettles 6.7 Apalachicola 78 
Big Delta 8.2 Daytona Beach 8.7 Louisiana 
Cold Bay 17.0 Fort Myers 8.1 Baton Rouge 76 
Fairbanks 5.4 Jacksonville 8.0 Lake Charles 8.7 
Gulkana 6.8 Key West 11.2 New Orleans 8.2 
Homer 76 Miami 9.3 * Shreveport 8.4 
Juneau 8.3 Orlando 8.5 
King Salmon 10.8 Pensacola 8.4 Maine 
Kodiak 10.8 Tallahassee 6.3 Caribou 11.2 
Kotzebue 13.0 Tampa 8.4 Portland 8.8 
McGrath 5.1 West Palm Beach 96 
Nome 10.7 Maryland 
St. Paul Island 17.7 Georgia Baltimore 92 
Talkeetna 4.8 Athens 74 
Valdez 6.0 Atlanta 9.1 Massachusetts 
Yakutat TA Augusta 6.5 Blue Hill Observatory 15.4 
Columbus 6.7 Boston 12.5 
Arizona Macon 7.6 Worcester 10.1 
Flagstaff 6.8 Savannah 79 
Phoenix 6.3 Michigan 
Tucson 8.3 Hawaii Alpena 8.1 
Winslow 8.9 Hilo 7.2 Detroit 10.4 
Yuma 78 Honolulu 11.4 Flint 10.2 
Kahului 12.8 Grand Rapids 9.8 
Arkansas Lihue 12.2 Houghton Lake 8.9 
Fort Smith 76 Lansing 10.0 
Little Rock 78 Idaho Muskegon 10.7 
Bosie 8.8 Sault Sainte Marie 9.3 
California Pocatelo 10.2 
Bakersfield 6.4 Minnesota 
Blue Canyon 6.8 Illinois Duluth 11.1 
Eureka 6.8 Cairo 85 International Falls 8.9 
Fresno 6.3 Chicago 10.3 Minneapolis-Saint Paul 10.6 
Long Beach 6.4 Moline 10.0 Rochester 13.1 
Los Angeles (City) 6.2 Peoria 10.0 Saint Cloud 8.0 
Los Angeles Int’l. Airport 75 Rockford 10.0 
Mount Shasta 5.1 Springfield 11.2 Mississippi 
Sacramento 19 Jackson 7.4 
San Diego 6.9 Indiana Meridian 6.1 
San Francisco (City) 8.7 Evansville 8.1 
San Francisco Airport 10.6 Fort Wayne 10.0 Missouri 
Santa Maria 7.0 Indianapolis 56 Columbia 99 
Stockton 15 South Bend 10.3 Kansas City Airport 10.8 
Saint Louis 97 
Colorado Iowa Springfield 10.7 
Colorado Springs 10.1 Des Moines 10.9 
Denver 8.7 Sioux City 11.0 Montana 
Grand Junction 8.1 Waterloo 10.7 Billings 11.2 
Pueblo 8.7 
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SeEcTION 2—Evaporanve LOSS FROM FLOATING-ROOF TANKS 15 
Table 5—Average Annual! Ambient Wind Speed, V, for Selected U.S. Locations (Continued) 
Ambient Wind Speed Ambient Wind Speed Ambient Wind Speed 
Location (miles per hour) Location (miles per hour) Location (miles per hour) 
Montana (continued) Ohio Texas (continued) 
Glasgow 10.8 Akron 9.8 Amarillo 13.6 
Great Falls 12.8 Cleveland 10.6 Austin 9.2 
Helena 78 Columbus 8.5 Brownsville 11.5 
Kalispell 6.6 Dayton 9.9 Corpus Christi 12.0 
Missoula 6.2 Mansfield 11.0 Dallas-Fort Worth 10.8 
Toledo 9.4 Del Rio 9.9 
Nebraska Youngstown 9.9 El Paso 8.9 
Grand Island 11.9 Galveston 11.0 
Lincoln 10.4 Oklahoma Houston 79 
Norfolk 11.7 Oklahoma City 12.4 Lubbock 12.4 
North Platte 10.2 Tulsa 10.3 Midland-Odessa Ma 
Omaha 10.6 Port Arthur 9.8 
Scotts Bluff 10.6 Oregon San Angelo 10.4 
Valentine 9.7 Astoria 8.6 San Antonio 9.3 
Eugene 76 Victoria 10.1 
Nevada Medford 48 Waco 11.3 
Elko 6.0 Pendleton 8.7 Wichita Falls 11.7 
Ely 10.3 Portland 79 
Las Vegas 9.3 Salem 7A Utah 
Reno 6.6 Sexton Summit 11.8 Salt Lake City 8.9 
Winnemucca 8.0 
Pennsylvania Vermont 
New Hampshire Allentown 9.2 Burlington 89 
Concord 6.7 Avoca 8.3 
Mount Washington 35.3 Erie 113 Virginia 
Harrisburg 76 Lynchburg Td 
New Jersey Philadelphia 95 Norfolk 10.7 
Atlantic City 10.1 Pittsburgh Int’l. Airport = 9.1 Richmond 17 
Newark 10.2 Williamsport 78 Roanoke 8.1 
New Mexico Puerto Rico Washington 
Albuquerque 9.1 San Juan 8.4 Olympia 67 
Roswell 8.6 Quillayute 6.1 
Rhode Island Seattle Int'l. Airport 9.0 
New York Providence 10.6 Spokane 8.9 
Albany 8.9 Walla Walla 5.3 
Binghamton 10.3 South Carolina Yakima TA 
Buffalo 12.0 Charleston 8.6 
New York (Central Park) 9.4 Columbia 69 West Virginia 
New York (JFK Airport) 12.0 Greenville-Spartanburg 69 Beckley 9.1 
New York (La Guardia Charleston 6.3 
Airport) 12.2 South Dakota Elkins 6.2 
Rochester 97 Aberdeen 11.2 Huntington 6.6 
Syracuse 9.5 Huron 11.5 
Rapid City 11.3 Wisconsin 
North Carolina Sioux Falls 11.1 Green Bay 10.0 
Asheville 7.6 La Crosse 8.8 
Cape Hatteras 11.1 Tennessee Madison 9.9 
Charlotte 75 Bristol-Johnston City 5.5 Milwaukee 11.6 
Greensboro-High Point 7S Chattanooga 6.1 
Raleigh 78 Knoxville 7.0 Wyoming 
Wilmington 8.8 Memphis 8.9 Casper 12.9 
Nashville 8.0 Cheyenne 13.0 
North Dakota Oak Ridge 44 Lander 6.8 
Bismark 10.2 Sheridan 8.0 
Fargo 12.3 Texas 
Williston 10.1 Abilene 12.0 


Source: The data in this table are from Reference 4. 
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16 CHAPTER 19—Evaponative Loss MEASUREMENT 
Table 6—Deck-Fitting Loss Factors, K,,, K,, and m, Typical Number of Deck Fittings, N,; and 
Deck-Fitting Loss Factors, K, , at Selected Average Ambient Wind Speeds 
Table 6A—Other-than- Typical Number Deck-Fitting Loss Factor 
guidepole deck fittings Zero-Wind Speed  Wind-Dependent Wind-Dependent and Construction Ky 
Loss Factor Loss Factor Loss Exponent of Deck Fittings (ib-moles/yr) 
Deck Fitting Type and Ky Ky m Ne 0 5 10 15 
Construction Details (lb-moles/yr) —(Ib-moles/((mph)* yr))__ (dimensionless) (dimensionless) (nph) (mph) (mph) = (mph) 
Access hatches Neh = 1 
Unbolted cover, ungasketed 364 59 12 typical for EFRTs 36 63 97 140 
Unbolted cover, gasketed 31 5.2 13 31 58 96 140 
Bolted cover, gasketed” 16 0.0 0.0 typical for EFRTs/CFRTs 16 1.6 1.6 16 
Fixed-roof support columns Nyc » from Table 7° 
Round pipe, ungasketed sliding cover 31 31 
Round pipe, gasketed sliding cover 25 35 
Round pipe, flexible fabric sleeve seal 10 10 
Built-up column, ungasketed sliding cover 478 typical for EFRTs 47 
Built-up column, gasketed sliding cover 33 33 
Gauge floats (automatic gauge) Neg = 1 
Unbolted cover, ungasketed? 14? 5.4 il typical for all 14 35 60 86 
Unbolted cover, gasketed 43 7 0.38 43 32 40 46 
Bolted cover, gasketed 2.8 0.0 0.0 2.8 2.8 2.8 2.8 
Gauge hatch/sample ports Nesp = 1 
Weighted mechanical actuation, ungasketed 2.3 0.0 0.0 2.3 2.3 2.3 2.3 
Weighted mechanical actuation, gasketed” 0.47 0.02 0.97 typical for EFRTs/CFRTs 
Slit fabric seal (10% open area)? 124 d d typical for IFRTs 12 
Vacuum breakers Meyp » from Table 8° 
Weighted mechanical actuation, ungasketed 78 0.01 40 78 93 32 130 
Weighted mechanical actuation, gasketed? 6.28 1.2 0.94 typical for all 6.2 10 14 17 
Deck drains (opening which drains Nyaa » from Table 8° 
directly into the product) 
3-inch diameter, open 1.5 0.21 17 1.5 3.3 72 13 
3-inch diameter (10% open area)° 1.8 0.14 1.1 typical for EFRTs/CFRTs 18 2.4 3.0 3.7 
|-inch diameter 1.28 d d typical for IFRTs 1.2 
Deck legs Neg,» from Table 9* 
Adjustable (API Standard 650, Appendix 79 d d typical for IFRTs 79 
H type) 
Adjustable (API Standard 650, Appendix 
C type, double deck roofs and center 
area of pontoon roofs) 
Ungasketed, no sock” 0.82 0.53 0.14 typical for EFRTs/CFRTs 0.8 15 1.5 16 
Gasketed, no sock 0.53 0.1 0.13 0.5 07 0.7 07 
With sock, no gasket 0.49 0.16 0.14 0.5 0.7 0.7 0.7 
Adjustable (API Standard 650, Appendix 
C type, pontoon area of pontoon roofs) 
Ungasketed, no sock” 2.0 0.37 0.91 typical for EFRTs/CFRTs 2 3.2 4.2 5.1 
Gasketed, no sock 13 0.08 0.65 13 15 16 17 
With sock, no gasket 12 0.14 0.65 1.2 15 17 18 
Fixed 0.0 0.0 0.0 0 0 0 
Rim vents Niry = i" 
Weighted mechanical actuation, ungasketed 0.68 18 1.0 0.7 70 = =13 20 
Weighted mechanical actuation, gasketed” 0.71 0.10 1.0 typical for EFRTs/CFRTs 0.7 11 14 18 
Ladders Nq=0! 
Sliding cover, ungasketed 76° d d typical for IFRTs 16 
Sliding cover, gasketed 56 d d 56 
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Table 6—Deck-Fitting Loss Factors, K,,, K,, and m, Typical Number of Deck Fittings, Aj; and 
Deck-Fitting Loss Factors, K; , at Selected Average Ambient Wind Speeds (continued) 


Table 6B—Guidepoles! Deck-Fitting Loss Factor 
Zero-Wind Speed Wind-Dependent Wind-Dependent Ke 
Unslotted (Unperforated) Guidelines: Loss Factor Loss Factor Loss Exponent (Ib-moles/yr) 
Well Gasket Float with Wiper Pole Wiper’ Pole Sleeve Ki Ky m 0 5 10 15 

(YES/NO) (YES/NO) (YES/NO) (YES/NO) (b-moles/yr) (b-moles/((mph)" yr) (dimensionless) (mph) (mph) (mph) — (mph) 
NO NO NO NO 31 150 1.4 31 900 2300 4100 
YES NO NO NO 25 13 2.2 25 230 970 2300 

NO NO NO YES 25 232 2.1 25 56 160 330 
YES NO NO YES 86 12 0.81 9 42 67 89 
YES NO YES NO 14 37 0.78 14 24 31 37 

Deck-Fitting Loss Factor 
Zero-Wind Speed Wind-Dependent Wind-Dependent Ky 
Slotted (Perforated) Guidepoles: Loss Factor Loss Factor Loss Exponent (Ib-mole/yr) 
Well Gasket Float with Wiper Pole Wiper? Pole Sleeve Kia : Kip m 0 5 10 15 

(YES/NO) (YES/NO) (YES/NO) = (YES/NO) (Ib-moles/yr) (b-moles/((mph)” yr)) (dimensionless) (mph) (mph) (mph) (mph) 
YES or NO™ NO NO NO 43 270 14 43 1600 «4200 = 7300 
YES or NO™ Yes! NO NO 31 36 2.0 31 470 1800 4000 
YES" NO YES NO 4) 48 14 41 320 710 1300 
YES" NO NO YES 1 46 14 | 280 710 1200 
YES" YEs! YES NO 21 79 1.8 21 100 280 570 
YES" NO YES YES 8.3 44 1.6 8 41 10 200 
YES" YES° YES YES tl 9.9 0.89 il 41 67 91 


Note: The deck-fitting loss factors, Ky,, Kyy, and m, may only be used for wind speeds from 0 to 15 miles per hour. For tanks with fixed roofs (IFRTs and CRFTs), the effect of ambi- 
ent wind is not significant, and the wind speed is set equal to 0. 
If no specific information is available, this value can be assumed to Tepresent the most common or typical deck fittings currently in use on API Standard 650, Appendix H decks (IFRTs). 


bf no specific information is available, this condition can be assumed to represent the most common or typical deck fittings currently in use on API Standard 650, Appendix C decks 
(EFRTs and CFRTs). 


“Cotumns are not used on tanks with self-supporting fixed roofs (typical of CFRTs), or on tanks without fixed roofs (EFRTs). 
This feature is not typically used on API Standard 650, Appendix C decks, and no information is available for wind-dependent evaporative loss from this fitting construction (EFRTs). 
°The number of vacuum breakers on API Standard 650, Appendix H decks (IFRTs) can be assumed to be: 
N, fub = t 
‘The number of deck drains on API Standard 650, Appendix H decks (IFRTs) can be assumed to be: 
Neag = 9, for welded decks. 
Nua = D7/125 for bolted decks, where D = tank diameter (feet). 
The number of deck legs on API Standard 650, Appendix H decks (IFRTs) can be assumed to be: 
Nea = S + DAO + D*/600), where D = tank diameter (feet). 
bRim vents are used only with some mechanical-shoe primary seals. 
‘Vertical ladders that penetrate the deck are not typically used on API Standard 650, Appendix C decks (EFRTs and CFRTs). The number of ladders on API Standard 650, Appendix 
H decks (IFRTs) can be assumed to be: 
Nqg=l 
iAPI Standard 650, Appendix C decks typically have one unslotted (Niygp = 1; Nisgp = 0) or one slotted guidepole (Ntugp = 0; Ntsep = 1), or neither (Njypn = 0; Nise = 0) (EFRTs and 
CFRTs). Guidepoles are not typically used on API Standard 650, Appendix H decks (IFRTs). 
‘Floats are not used in unslotted guidepoles. 


"Float wiper positioned at an elevation 1 inch above the sliding cover. No further reductions in emissions were achieved by positioning the float wiper at the same elevation as the sliding 
cover. 


™Limited data do not support differentiation for the presence or absence of well gaskets for these construction details. 
"No evaporative loss information is currently available for these construction details without well gaskets. 


°Tests were conducted with the float wiper at the same elevation as, ] inch above, and 5 inches below the sliding cover. The data do not support differentiating between float wiper ele- 
vations when a float is used with a pole sleeve. 


PTests were conducted with the pole wiper at the same elevation as and 6 inches above the sliding cover. The data do not support differentiating between pole wiper elevations. 
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Where: 
=. 2 
Ego Kata? G7) S, = deck-seam length factor, feet per square feet. 
Where: Leen = total length of deck seams, in feet. 
F; = total deck-seam loss factor, in pound-moles per year. Agcy = area of the deck, in square feet. 
K, = deck-seam loss per unit seam length factor, in Since the deck-seam length factor can vary significantly 
pound-moles per foot¢year. : : : ; 
for different deck designs, this factor should be estimated 
Ss = deck-seam length factor, feet per square feet. from Equation 18, if possible, or estimated from Table 10 
D = tank diameter, in feet. Pe : , 


Equation 17 is based on the assumption that losses from 
deck seams occur continuously or from discrete, localized 
points that are distributed along the entire length of the seam. 
This assumption may be more applicable to some seam 
designs than others, but it is judged to be the most reasonable 
and conservative (potentially over-estimating loss) for deter- 
mining general deck-seam loss factors. Deck-seam losses 
from specific designs can vary significantly and may origi- 
nate from joints or seam details that are not proportional to 
the total seam length. API certified deck-seam loss factors for 
specific equipment may be substituted when they are available. 

The deck-seam loss per unit seam length factor, K,, is 
given below: 


K, = 0.00 for welded decks. 
0.34 for bolted decks. 


No information is available for other deck types (for exam- 
ple, adhesively-joined seams). 
The deck-seam length factor, 5,, is defined by Equation 18: 


_ Lam 
Sa= Ae (18) 


Table 7—Typica! Number of Columns, N,, for Tanks 
with Column-Supported Fixed Roofs 


Tank Diameter Range, Typical Number of 

D eet) Columns, Nj, 
O<DSs8&5 1 

85<D< 100 6 

100<D<¢ 120 7 

120<Ds 135 8 

135< D $ 150 9 

150<Ds 170 16 

170<D< 190 19 

190<D¢ 220 22 

220<D< 235 31 

235 <D S270 37 

270<DS 275 43 

275 <Ds 290 49 

290 < D< 330 61 

330 < Ds 360 71 

360 < Ds 400 81 


Note: This table was derived from a survey of users and manufacturers. The 


actual number of columns in a particular tank may vary greatly depending . 


on age, fixed-roof style, loading specifications, and manufacturing preroga- 
tives. Columns are not used on tanks with self-supporting fixed roofs (typi- 
cal of CFRTs), or on tanks without fixed roofs (EFRTs). This table should 
not supercede information based on actual tank data. 
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If the type of deck is not known, it can be assumed that a 
deck with bolted seams is more common in tanks with col- 
umn-supported fixed-roofs, and a welded deck is more com- 
mon in tanks with self-supporting fixed roofs. 


5.3 STOCK-RELATED FACTORS 


The stock-related factors in the standing storage loss equa- 
tions are the vapor pressure function, P*, discussed in Section 
5.3.1; the stock vapor molecular weight, M,, discussed in Sec- 
tion 5.3.2; and the product factor, K,, discussed in Section 


Table 8—Typical Number of Vacuum Breakers, Nye, 
and Deck Drains, N,,,, for AP! Standard 650, Appendix 
C Decks (EFRTs and CFRTs)@ 


Number of Vacuum 
Breakers, Nyy, 

Tank a et Number of 
Diameter, Pontoon Double-Deck Deck Drains 
D (feet)? Roof Roof Neaa 

50 1 ] 1 

100 1 1 1 

150 2 2 2 

200 3 2 3 
250 4 3 5 
300 5 3 7 
350 6 4 _— 
400 7 4 <= 


Note: This table was derived from a survey of users and manufacturers. The 


actual number of vacuum breakers may vary greatly depending on through- 
put and manufacturing prerogatives. The actual number of roof drains may 
also vary greatly depending on the design rainfall and manufacturing pre- 
rogatives. For tanks more than 300 feet in diameter, actual tank data or the 
manufacturer’s recommendations may be needed for the number of roof 
drains. This table should not supercede information based on actual tank 
data. 

“The number of vacuum breakers, N,,,, and deck drains, N;sj, for API Stan- 
dard 650, Appendix H decks (IFRTs) can be assumed to be: 


Neb =] 
Niwa = o, for welded decks. 
Neg =D?/125 for bolted decks, where D = tank diameter (feet). 


Cif the actual diameter is between the diameters listed, the closest diameter 
listed should be used. If the actual diameter is midway between the diame- 
ters listed, the next langer diameter should be used. 
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Table 9—Typical Numbér of Deck Legs, N,,,, for API 
Standard 650, Appendix C Decks (EFRTs and 
CFRTs)# 


Pontoon Roof 


Tank Number of Number of Number of Legs 
Diameter, Pontoon-Area Center-Area on 
D (feet) Legs Legs Double Deck 
30 4 2 6 
40 4 4 7 
50 6 6 8 
60 9 7 10 
70 13 9 13 
80 15 10 16 
90 16 12 20 
100 17 16 25 
110 18 20 29 
120 19 24 34 
130 20 28 40 
140 21 33 46 
150 23 38 52 
160 26 42 58 
170 27 49 66 
180 28 56 74 
190 29 62 82 
200 30 69 90 
210 31 71 98 
220 32 83 107 
230 33 92 115 
240 34 101 127 
250 35 109 138 
260 36 118 149 
270 36 128 162 
280 37 138 173 
290 38 148 186 
300 38 156 200 
310 39 168 213 
320 39 179 226 
330 40 190 240 
340 4i 202 255 
350 42 213 270 
360 44 226 285 
370 45 238 300 
380 46 252 315 
390 47 266 330 
400 48 281 345 


Note: This table was derived from a survey of users and manufacturers. The 
actual number of deck legs may vary greatly depending on age, style of 
floating roof, loading specifications, and manufacturing prerogatives. this 
table should not supercede information based on actual tank data. 

®8The number of deck legs on API Standard 650, Appendix H-type decks 
(IFRTs) can be assumed to be: 


Neg = (5 + DNO+ D?/600), where D = tank diameter (feet). 
If the actual diameter is between the diameters listed, the closest diameter 


listed should be used. If the actual diameter is midway between the diame- 
ters listed, the next larger diameter should be used. 
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Table 10—Deck-Seam Length Factors, S,, for Typical 
Deck Constructions 


Typical Deck-Seam 
Length Factor 
Deck Construction 54 (feet per square feet) 


Continuous sheet construction® 


5-foot-wide sheets 0.20° 

6-foot-wide sheets 0.17 

7-foot-wide sheets 0.14 
Panel Construction” 

5 x 7.5 feet rectangular panels 0.33 

§ x 12 feet rectangular panels 0.28 


4S, = (L/w), where w = sheet width (feet). 


AY = [(i + w)/ (Lx w)), where / = panel length (feet) and w = panel width 
(feet). 


“If no specific information is available, this value can be assumed to repre- 
sent the most common or typical bolted decks currently in use. 


5.3.3. These loss factors are dependent on the characteristics 
of the stored liquid stock. The vapor pressure function is addi- 
tionally dependent on the average stock storage temperature, 
T,. Conversion of the standing storage loss from pounds per 
year to barrels (or gallons) per year is dependent on the den- 
sity of the condensed vapor, W,, discussed in 5.3.4. 


5.3.1 Vapor Pressure Function 


The vapor pressure function, P*, can be determined as fol- 
lows: 


P* = pea Bie — (19) 
{1+[1-(P/P,)]°5}? 


Where: 


P = stock true vapor pressure at the average stock storage 
temperature, in pounds per square inch absolute. 

P, = average atmospheric pressure at the tank location, in 
pounds per square inch absolute. 


Alternatively, P* can be read directly from Table 11, which 
is based on an atmospheric pressure, P,, of 14.7 pounds per 
square inch absolute. 

If the stock true vapor pressure is not known, it can be 
determined from Equation 20, or for refined petroleum stocks 
(gasolines and naphthas) and crude oil stocks, read from Fig- 
ures 1 and 2, respectively. 

The true vapor pressure of the stock can be determined as 
follows: 
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Table 11—Vapor Pressure Function, P*, as a Function of Stock True Vapor Pressure, P 
Vapor Pressure Function, P* (dimensionless) 
P 0 J 2 3 4 35 6 7 8 a) 
1. 0.018 0.019 0.021 0.023 0.025 0.027 0.029 0.031 0.033 0.035 
2. 0.037 0.039 0.041 0.043 0.045 0.047 0.049 0.051 0.053 0.055 
3. 0.057 0.059 0.061 0.063 0.066 0.068 0.070 0.072 0.075 0.077 
4, 0.079 0.082 0.084 0.086 0.089 0.091 0.094. 0.096 0.099 0.101 
5. 0.104 0.106 0.109 0.111 0.114 0.117 0.119 0.122 0.125 0.128 
6. 0.130 0.133 0.136 0.139 0.142 0.145 0.148 0.151 0.154 0.157 
7. 0.160 0.163 0.167 0.170 0.173 0.177 0,180 0.183 0.187 0.190 
8. 0.194 0.198 0.201 0.205 0.209 0.213 0.216 0.220 0.224 0.228 
9. 0.233 0.237 0.241 0.245 0.250 0.254 0.259 0.263 0.268 0.273 
10. 0.278 0.283 0.288 0.293 0.298 0.303 0.309 0.314 0.320 0.326 
i, 0.332 0.338 0.344 0.351 0.357 0.364 0.371 0.378 0.385 0.392 
12. 0.400 0.408 0.416 0.424 0.433 0.442 0.451 0.461 0.471 0.482 


Note: From the first column select the number that represents the integer portion and from the top row select the number that represents the fractional portion, 
of the stock true vapor pressure, P, with P having units of pounds per square inch absolute. The intersection of the row and column will give the vapor pres- 
sure function, P*, when the atmospheric pressure, P,, is equal to 14.7 pounds per inch absolute. Equation 19 must be used for locations where the average 


atmospheric pressure is significantly different from 14.7 pounds per inch absolute [5]. 


B 
Pip A-(e + 75S) (20) 


Where: 


P = stock true vapor pressure at the average stock stor- 
age temperature, in pounds per square inch absolute. 

T, = average stock storage temperature, in degrees Fahr- 
enheit. (See Table 16) 

A = constant in the vapor pressure equation (dimension- 
less). 

B = constant in the vapor pressure equation, in degrees 
Rankine. 

exp = exponential function, 


The constant, 459.6, in Equation 20 converts degrees Fahr- 
enheit to degrees Rankine. 

For refined petroleum stocks (gasolines and naphthas), 
determining the stock true vapor pressure from either Figure 
1 or Equation 20 is dependent on the average stock storage 
temperature, T,; the Reid vapor pressure, RVP; and the ASTM 
Distillation Slope, 5. The constants A and B for Equation 20 
can be determined from Figures 3 and 4 or estimated from 
Equations 21 and 22, respectively: 


A = 15.64—- 1.854 S 5 — (0.8742 — 0.3280 S 95) 
In(RVP) (21) 


B = 8742 — 1042 § 5 — (1049 — 179.4 $5) In(RVP) (22) 
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Where: 


RVP = stock Reid vapor pressure, in pounds per square inch. 
-S = stock ASTM-D86-Distillation of Petroleum Prod- 
ucts distillation slope at 10 volume percent evapo- 
rated, in degrees Fahrenheit per volume percent. 
In = natural logarithm function. 


The slope, S, is the slope of the ASTM-D86 distillation 
data at 10 volume percent evaporated and can be estimated 
from the distillation data using Equation 23: 

T15 7. T, 


S= a (23) 


Where: 


5S =stock ASTM-D86-Distillation of Petroleum Prod- 
ucts distillation slope at 10 volume percent evapo- 
rated, in degrees Fahrenheit per volume percent. 
T; = temperature at which 5 volume percent is evaporated, 
in degrees Fahrenheit. 
Ts = temperature at which 15 volume percent is evapo- 
rated, in degrees Fahrenheit. 


The constant, 10, in Equation 23 has units of volume percent. 

In the absence of ASTM-D86 distillation data on refined 
petroleum stocks, approximate values of the distillation slope, 
S, from Table 12 may be used. 

For crude oil stocks, determining the true stock vapor pres- 
sure from either Figure 2 or Equation 20 is dependent on the 
average stock storage temperature, 7,, and the stock Reid 
vapor pressure, RVP. The constants A and B for Equation 20 
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Table 12--ASTM Distillation Slope, S, for Selected 
Refined Petroleum Stocks 


ASTM-D86 
Reid Vapor Distillation Slope at 
Refined Petroleum Pressure 10 Volume Percent Evaporated, 
Stock RVP (psi) 8 (°F/volume %) 
Aviation gasoline —_ 2.0 
Naphtha 2-8 2.5 
Motor gasoline — 3.0 
Light naphtha 9-14 3.5 


can be determined from Figures 5 and 6 or estimated from 
Equations 24 and 25, respectively: 


A = 12.82 - 0.9672 In(RVP) (24) 
B = 7261 - 1216 In(RVP) (25) 
Where: 


RVP = stock Reid vapor pressure, in pounds per square 
inch. 
In = natural logarithm function. 


Equations to determine the constants A and B are currently 
not available for heavier petroleum stocks, such as distillates 
and residual oils, or for some single-component stocks (petro- 
chemicals). For some of these liquids the constants A and B for 
Equation 20 may be read directly from Table 13 for selected 
petroleum liquids and Table 14 for selected petrochemicals. 

If the average stock storage temperature, 7,, is not known, 
it can be estimated from the average annual ambient tempera- 
ture, 7,, in degrees Fahrenheit (given for selected U.S. loca- 
tions in Table 15), and the tank paint color, using Table 16. 

The loss equations are applicable for nonboiling stocks 
down to a true vapor pressure of at least 0.1 pounds per 
square inch absolute. The loss equations can be applied at 
lower vapor pressures with some small loss in accuracy, but 
they should not be applied at elevated (that is, near atmo- 
spheric) vapor pressures at which it is possible for the stock to 
reach a boiling state at the liquid surface. The vapor pressure 
of some mixtures of hydrocarbons or petrochemicals cannot 
be readily predicted; in these cases, the loss equations cannot 
be applied. 


5.3.2 Vapor Molecular Weight 


The molecular weight of the vapor, M,, can be determined 
by analysis of vapor samples or by estimation from the com- 
position of the liquid. In the absence of this information, a 
typical value of 64 pounds per pound-mole can be assumed 
for gasoline, and a value of 50 pounds per pound-mole can be 
assumed for U.S. mid-continent crude oils (including both 
reactive and non-reactive fractions). Since a large variability 
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in molecular weights has been observed in foreign crude oils, 
no average value has been developed for these stocks. 

For selected petroleum liquids (multicomponent stocks), 
the vapor molecular weight, M,, is given in Table 13. 

For single-component stocks, the molecular weight of the 
vapor is equal to the molecular weight of the liquid stock, and 
is given in Table 14 for selected petrochemicals. 


5.3.3 Product Factor 


The product factor, K,, accounts for the effect of different 
types of liquid stocks on evaporative loss. Product factors 
have been developed for multicomponent hydrocarbon mix- 
tures, including refined stocks (such as gasolines and naph- 
thas) and crude oils, as well as single-component stocks (such 
as petrochemicals): 


K, = 1.0 for refined stocks 
0.4 for crude oils 
= 1.0 for single-component stocks. 


5.3.4 Density of Condensed Vapor 


For refined petroleum stocks and crude oils, the density of 
the condensed vapor, W,, is lower than the density of the 
stored liquid stock. If the density of the condensed vapor is 
not known, it can be approximated from Equation 26, which 
was developed primarily for gasoline: 


W, = 0.08M, (26) 


Where: 


W, = density of the condensed vapor, in pounds per 
gallon. 
M, = vapor molecular weight, in pounds per pound-mole. 


The constant, 0.08, in Equation 26 has units of pound- 
moles per gallon. 

For selected petroleum liquids (multicomponent stocks), 
the condensed vapor density, W,, at 60°F is given in Table 13. 

For single-component stocks, the density of the condensed 
vapor is equal to the density of the liquid stock, and is given 
in Table 14 for selected petrochemicals. 


6 Withdrawal Loss Factors 
6.1 SIGNIFICANCE 


Information is given below on how to determine specific val- 
ues for the variables in the withdrawal loss equations given 
in 4.3. The withdrawal loss mechanism is discussed in 9.2.5. 

The significance of the withdrawal loss, L,, will vary with 
tank operating practices. Industry-wide, withdrawal loss can 
typically be assumed to be negligible relative to the standing 
storage loss, L,. 


(continued on page 26) 
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Notes: 

|. Dashed line illustrated sample problem for RVP = 10 psi, gasoline stock (S = 3.0) and T, = 62.5°F. 

2. The vapor pressure equation is P = exp [A-B(T, + 459.6)], where P is the vapor pressure in pounds per square inch absolute, T, is the average stock storage 
temperature in °F, and exp is the exponental function. 

Source: Nomograph drawing from the data of the National Institute of Standards and Technology. 


Figure 1—True Vapor Pressure (P) of Refined Petroleum Stocks With a Reid Vapor Pressure of 1 to 20 
Pounds per Square Inch 
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Note: The vapor pressure equation is P = exp [A-B/(7, + 459.6)], where P is the vapor pressure in pounds per square inch absolute, T, is the average stock storage 


temperature in °F, and exp is the exponental function. 


Figure 2—True Vapor Pressure (P) of Crude Oil Stocks With a Reid Vapor Pressure of 2 to 15 
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Figure 3—Vapor Pressure Function Coefficient (A) of Refined Petroleum Stocks With a Reid Vapor Pressure of 1 to 20 
Pounds per Square Inch, Extrapolated to 0.1 Pounds per Square Inch 
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Figure 4—Vapor Pressure Function Coefficient (B) of Refined Petroleum Stocks With a Reid Vapor Pressure of 1 to 20 
Pounds per Square Inch, Extrapolated to 0.1 Pounds per Square Inch 
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Figure 5—Vapor Pressure Function Coefficient (A) of Crude Oil Stocks With a Reid Vapor Pressure of 2 to 15 Pounds 
per Square Inch, Extrapolated to 0.1 Pounds per Square Inch 
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Figure 6—Vapor Pressure Function Coefficient (B) of Crude Oil Stocks With a Reid Vapor Pressure of 2 to 15 Pounds 
per Square Inch, Extrapolated to 0.1 Pounds per Square Inch 
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Table 13—Properties (M, W,, PF. A, B) of Selected Petroleum Liquids 


Condensed Vapor Pressure Equation Temperature Range 
Vapor Vapor Density Vapor Pressure® Constants” For constants A and B 
Molecular Weight (at 60°F) (at 60°F) 
M, Ww, P A B Minimum Maximum 

Petroleum Liquid (Ib/lb-mole) (Ib/gal) (psia) (dimensionless) (dimensionless) °F °F 
Refined petroleum stocks _— — —_— c ¢c _ _— 
Crude oil stocks — — _ c c _ _ 
Jet naphtha (JP-4) 80 5.4 1.27 11.368 5,784.3 40 100 
Jet kerosene 130 6.1 0.00823 12.390 8,933.0 40 100 
Distillate fuel oil No.2 130 6.1 0.00648 12.101 8,907.0 40 100 
Residual oil No. 6 190 64 0.0000430 10.104 10,475.5 40 100 


Vapor pressure calculated at 60°F using constants A and B. 


>The vapor pressure equation is P = exp {A — [B/(T,+ 459.6)]}, where P is the vapor pressure (in psia), T, is the average stock storage temperature in °F, and 


exp is the exponential function. 


‘The vapor pressure equation constants A and B are listed in Equations 21 and 22 for refined petroleum stocks and Equations 24 and 25 for crude oil stocks. 


Source: The data in this table are from Reference 6. 


6.2 ANNUAL NET THROUGHPUT 


As used in this publication, annual net throughput, Q, is the 
total volume of stock withdrawn from the tank per year that 
results in a decrease in the level of the liquid in the tank. If 
filling and withdrawal occur equally and simultaneously so 
that the liquid level does not change, the net throughput is 
zero during these periods. 


6.3 CLINGAGE 


Table 17 gives clingage factors, C, for steel tanks with light 
rust, dense rust, and gunite lining in gasoline, single-compo- 
nent stock, and crude oil service. 


6.4 AVERAGE LIQUID STOCK DENSITY 


The liquid stock density, W, for gasoline is generally con- 
sistent enough that a typical value of 6.1 pounds per gallon 
can be assumed. The density of other liquid stocks can vary 
Significantly, particularly for crude oils and single-component 
stocks. For single-component stocks, the density of the liquid 
stock is equal to the density of the condensed vapor, W,, 
which is given in Table 14 for selected petrochemicals. 


6.5 NUMBER OF FIXED-ROOF SUPPORT 
COLUMNS 


The number of fixed-roof support columns, N,., should be 
determined for the tank under consideration. If this informa- 
tion is not available, typical N,, values are given in Table 7. 
Only tanks with column-supported fixed roofs have columns 
(typical of IFRTs). Tanks with self-supporting fixed roofs 
(typical of CFRTs) and tanks without fixed roofs (EFRTs) do 
not have fixed-roof support columns. 
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6.6 EFFECTIVE COLUMN DIAMETER 


The effective column diameter, F,, is determined by Equa- 
tion 27: 


_ Column perimeter (feet) 
ie 3.1416 @) 
The following values for F, can be assumed for typical col- 
umn construction: 


1.1 feet for 9-inch by 7-inch 
built-up columns. 
0.7 feet for 8-inch diameter 
F,= pipe columns. 
1.0 feet as an approximate value 
for use when no column 
construction details are known. 


° 


7 Sample Problems 
7.1 SUMMARY OF ESTIMATION PROCEDURE 


Tables 2 and 3 summarize the equations and information 
necessary to estimate the total evaporative loss, including the 
standing storage loss and the withdrawal loss, respectively. 
The information in these tables is the same as that presented 
in Sections 4, 5 and 6, but without all of the important 
descriptive qualifiers presented in those sections. Therefore, 
questions about the information in Tables 2 and 3 should be 
answered by referring to Sections 4 through 6 for more 
detailed information. 

The total evaporative loss is the sum of the standing storage 
loss (Table 2) and the withdrawal loss (Table 3). However, as 
noted in Section 4 and Section 6, the withdrawal loss can often 
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Table 14—Properties (M, W,, P. A, B) of Selected Petrochemicals 
Condensed 
Vapor Vapor Vapor Vapor Pressure Temperature Range 
Molecular Boiling Density Pressure* Equation Constants? For Constants A and B 
Weight Temperature (at 60°F) (at 60°F) 
Petroleum Chemical M, (at 14.7 psia) Ww, P A B Minimum Maximum 
Liquid Formula __(Ib/Ib-mole) °F (lb/gal) (psia) (Dimensionless) (°R) (°F) (°F) 
Alcohols 
Methyl alcohol CH,O 32.04 148.5 6.641 1.351 15.9482 8,131.3 47.2 435.2 
Ethyl alcoho! C,H,O 46.07 172.9 6.643 0.6200 16.3801 8,760.7 -24.3 467.6 
Allyl alcohol C,H,O 58.08 205.9 7.127 0.2656 17.1073 9,579.2 4.0 205.9 
Isopropyl alcohol C,H,O 60.10 180.1 6.607 0.4637 16.7687 9,113.6 -15.0 449.6 
Tertiary butyl alcohol C,H,,O 74.12 180.4 6.586 0.3970 17.2230 9,430.3 47 432.5 
Furfury] alcohol C,H,O, 98.10 337.1 9.422 0.006096 17.2335 1,606.1 89.2 338.0 
Amines 
Diethyl amine C,H,\N 73.14 131.9 5.942 2.868 13.7881 6,617.7 27.4 410.0 
Aromatic Hydrocarbons 
Benzene CH, 78.11 176.2 7.361 0.9008 14.0920 7,377.5 34.1 554.5 
Toluene C,H, 92.14 231.1 7.289 0.3249 13.8288 7,377.6 -16.1 606.2 
Styrene C,H, 104.15 293.3 7.576 0.08254 14.2954 8,725.2 19.4 293.4 
Ethylbenzene C.Hiy 106.17 277.1 7.290 0.1139 14.0362 8,423.3 14.4 619.7 
o-Xylene C,H, 106.17 292.0 7377 0.07359 14.8147 9,054.7 25.2 291.9 
Isopropylbenzene CH, 120.19 306.3 7.240 0.04968 15.0086 9,359.7 37.2 306.3 
Naphthalene CyH, 128.17 424.3 9.555 0.000662 1 22.4188  15,454.4 32.0 176.0 
Chlorine Compounds 
Methylene chloride CH.Cl, 84.93 103.6 11.150 5.480 14.8970 6,857.5 94.0 105.3 
Chloroform CHCI, 119.38 142.1 12.503 2.212 13.8649 6,792.5 -72.4 489.2 
Carbon tetrachloride CccL 153.82 170.0 13.357 1.255 13.5218 6,908.7 58.0 528.8 
Vinylidene chloride CH,Cl, 96.94 98.6 10.164 8.230 14.6756 6,531.1 -107.0 89.1 
1,2-Dichloroethane CHCl, 98.96 182.2 10.509 0.9495 13.8035 7,200.2 48.1 $45.0 
Trichloroethylene C.HCI, 131.40 189.0 12.234 0.8912 14.3744 7,529.8 46.8 [88.1 
1, 1, 1-Trichlorcethane C,H,Cl, 133.40 165.4 11.229 1.507 14.3734 7,256.4 61.6 165.4 
Ally! chloride C,H,Cl 76.53 112.3 7.828 4.873 14.4564 6,689.5 94.0 112.3 
Cyano Compounds 
Acrylonitrile C\,H;N 53.06 171.5 6.726 1.340 14.1319 7,191.8 59.8 173.3 
Cycloparaffins 
Cyclopentane CH) 70.13 120.7 6.338 4.152 14.3384 6,711.5 -90.4 120.7 
Cyclohexane CHa 84.16 177.3 6.532 1.052 13.6969 7,091.7 49.5 495.5 
Esters 
Methy! acetate C,HO, 74.08 134.5 7.847 2.359 14.3340 7,002.9 -71.0 437.0 
Vinyl acetate C,H,O, 86.09 162.5 7.827 1.312 15.0324 7,670.9 ~54.4 162.5 
Methyl acrylate C,H,O, 86.09 176.9 7.957 1.014 14.9971 7,786.4 -46.7 176.4 
Ethyl acetate C,H,O, 88.11 170.7 7548 1.012 14.4776 7,517.5 ~46.1 455.0 
Methyl] methacrylate C,H,O, 100.11 212.5 7.928 0.4314 14.7995 8,127.7 —22.9 2138 
Ethers 
Diethyl ether C,H,,0 74.12 94.0 6.002 6.109 13.9146 6,290.5 -101.7 361.9 
Ketones 
Acetone C,H,O 58.08 133.3 6.647 2.553 14.2539 6,920.2 -14.9 418.1 
Methyl ethyl ketone C,H,O 72.1 175.4 6.753 1.197 14.3812 7,380.2 54.9 175.3 
Ce 5S Re ee ie Se ee 
Paraffins 
n-Pentane C3H,: 72.15 96.9 5.262 6.091 13.2999 5,972.6 -105.9 376.3 
n-Hexane CH, 86.18 155.7 5.534 1.702 13.8236 6,907.2 -65.0 408.9 
n-Heptane GH, 100.20 209.2 5.738 0.5109 13.9835 7,615.8 29,2 477.5 
n-Octane C.His 114.23 258.2 3.894 0.1591 14.2309 8,350.6 6.8 538.5 
n-Nonane C.Hiy 128.26 303.5 6.018 0.05069 15.2406 9,469.8 36.3 301.1 
n-Decane CypHa 142,28 345.5 6.121 0.01888 15.0462 9,882.0 62.8 343.4 
Phenols 
Phenol C,H,O 94.11 359.3 8.937 0.006316 15.6581 10,769.0 104.2 785.7 
o-Cresol C,H;O 108.14 375.8 8.746 0.004231 16.2959 1,308.6 100.8 375.4 
Sulfur Compounds 
Carbon disulfide cs, 76.13 115.2 10.592 4.49] 13.3292 6,146.2 -100.8 492.8 


“Vapor pressure calculated at 60°F using constants A and B. 


>The vapor pressure equation is P = exp {A— (BAT, + 459.6)]}, where P is the vapor pressure in pounds per square inch absolute, T, is the average stock storage 
temperature in °F, and exp is the exponential function. 


Source: The vapor pressure equation constants A and B are from Reference 7. The other properties are from References 8 and 9. 
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Table 15—Average Annual Ambient Temperature, T,, for Selected U.S. Locations 
Ambient Ambient Ambient 
Location Temperature (°F) Location Temperature (°F) Location Temperature (°F) 
Alabama Colorado (continued) Towa (continued) 
Birmingham 62.0 Pueblo 52.8 Waterloo 46.1 
Huntsville 60.6 
Mobile 67.5 Connecticut Kansas 
Montgomery 64.9 Bridgeport 51.9 Concordia 53.2 
Hartford 49.8 Dodge City 55.1 
Alaska Goodland 50.7 
Anchorage 35.3 Delaware Topeka 54.1 
Annette 45.5 Wilmington 54.0 Wichita 56.4 
Barrow 9.0 
Barter Island 9.6 District of Columbia Kentucky 
Bethel 28.3 Dulles Airport $3.9 Cincinnati Airport 53.4 
Bettles 21.2 National Airport 57.5 Jackson 52.6 
Big Delta 27.4 Lexington 54.9 
Cold Bay 37.9 Florida Louisville 56.2 
Fairbanks 25.9 Apalachicola 68.2 Paducah 57.2 
Gulkana 26.5 Daytona Beach 70.3 
Homer 36.6 Fort Myers 73.9 Louisiana 
Juneau 40.0 Gainesville 68.6 Baton Rouge 67.5 
King Salmon 32.8 Jacksonville 68.0 Lake Charles 68.0 
Kodiak 40.7 Key West 717 New Orleans 68.2 
Kotzebue 20.9 Miami 75.6 Shreveport 65.4 
McGrath 25.0 Orlando 724 
Nome 25.5 Pensacola 68.0 Maine 
St. Paul Island 34.3 Tallahassee 67.2 Caribou 38.9 
Talkeetna 32.6 Tampa 72.0 Portland 45.0 
Unalakleet 26.4 Vero Beach 72.4 
Valdez 38.3 West Palm Beach 74.6 Maryland 
Yakutat 38.6 Baltimore 55.1 
Georgia 
Arizona Athens 61.4 Massachusetts 
Flagstaff 45.4 Atlanta 61.2 Blue Hill Observatory 48.6 
Phoenix 712 Augusta 63.2 Boston S15 
Tucson 68.0 Columbus 64.4 Worcester 46.8 
Winslow 54.9 Macon 64.7 
Yuma 739 Savannah 65.9 Michigan 
Alpena 42.3 
Arkansas Hawaii Detroit 48.6 
Fort Smith 60.8 Hilo 736 Flint 46.8 
Little Rock 61.9 Honolulu 77.0 Grand Rapids 47.5 
North Little Rock 61.7 Kahului 75.5 Houghton Lake 42.9 
Lihue 75.2 Lansing 47.2 
California Marquette 39.2 
Bakersfield 65.6 Idaho Muskegon 47.1 
Bishop 56.0 Bosie 31.1 Sault Sainte Marie 39.7 
Blue Canyon 50.4 Lewiston 52.1 
Eureka 52.0 Pocatelo 46.6 Minnesota 
Fresno 62.5 Duluth 38.2 
Long Beach 63.9 Illinois International Falls 36.4 
Los Angeles (City) 65.3 Cairo 59.1 Minneapolis—Saint Paul 44.7 
Los Angeles Int’l. Airport 62.6 Chicago 49,2 Rochester 43.5 
Mount Shasta 49.6 Moline 49.5 Saint Cloud 41.4 
Red Bluff 62.9 Peoria 50.4 
Sacramento 60.6 Rockford 478 Mississippi 
San Diego 63.8 Springfield 52.6 Jackson 64.6 
San Francisco (City) 57.8 Meridian 64.0 
San Francisco Airport 56.6 Indiana Tupelo 61.8 
Santa Barbara 58.9 Evansville 55.7 
Santa Maria 56.8 Fort Wayne 49.7 Missouri 
Stockton 61.6 Indianapolis 52.1 Columbia 54.1 
South Bend 49.4 Kansas City (City) 54.1 
Colorado Kansas City Airport 56.3 
Alamosa 41.2 lowa Saint Louis 55.4 
Colorado Springs 48.9 Des Moines 49.7 Springfield 55.9 
Denver 50.3 Dubuque 46.3 
Grand Junction 52.7 Sioux City 48.4 
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Table 15—Average Annual Ambient Temperature, 7,, for Selected U.S. Locations (Continued) 


Ambient Ambient Ambient 
Location Temperature (°F) Location Temperature (°F) Location Temperature (°F) 
Montana Ohio Texas 
Billings 46.7 Akron 49.5 Abilene 64.5 
Glasgow 416 Cleveland 49.6 Amanilo $7.2 
Great Falls 447 Columbus 51.7 Austin 68 
Havre 423 Dayton 51.9 Brownsville 736 
Helena 43.3 Mansfield 49.5 Corpus Christi 72.1 
Kalispell 42.5 Toledo 48.6 Dallas-Fort Worth 66.0 
Miles City 45.4 Youngstown 48.3 Del Rio 69.8 
Missoula 44,1 E] Paso 63.4 
Oklahoma Galveston 69.6 
Nebraska Oklahoma City 59.9 Houston 68.3 
Grand Island 49.9 Tulsa 60.3 Lubbock 59.9 
Lincoln 50.5 Midland—Odessa 63.5 
Norfolk 48.2 Oregon Port Arthur 68.7 
North Platte 48.1 Astoria 50.6 San Angelo 65.7 
Omaha (City) 49.5 Bums 46.6 San Antonio 68.7 
Omaha (Eppley Airport) 511 Eugene 52.5 Victoria 70.1 
Scotts Bluff 48.5 Medford $3.6 Waco 67.0 
Valentine 46.8 Pendleton 52.5 Wichita Falls 63.5 
Portland 53.0 
Nevada Salem 52.0 Utah 
Elko 46.2 Sexton Summit 478 Milford 49.1 
Ely 443 Salt Lake City 51.7 
Las Vegas 66.3 Pacific Islands 
Reno 49.4 Guam 78.8 Vermont 
Winnemucca 48.7 Johnston Island 78.9 Burlington 44.1 
New Hampshire Pennsylvania Virginia 
Concord 45.3 Allentown $1.0 Lynchburg 56.0 
Mount Washington 26.6 Avoca 49.1 Norfolk 59.5 
Erie 47.5 Richmond $7.7 
New Jersey Harrisburg 53.0 Roanoke 56.1 
Atlantic City (City) 54.1 Philadelphia 54,3 
Atlantic City (Airport) 33.1 Pittsburgh Int'l. Airport 50.3 Washington 
Newark 54.2 Williamsport 50.1 Olympia 49.6 
Quillayute 48.7 
New Mexico Rhode Island Seattle (City) 52.7 
Albuquerque 56.2 Block Island 50.2 Seattle Int'l. Airport 51.4 
Clayton 52.9 Providence 50.3 Spokane 47.2 
Roswell 61.4 Stampede Pass 39.3 
South Carolina Walla Walla $4.1 
New York Charleston (City) 66.1 Yakima 49.7 
Albany 47.3 Charleston (Airport) 64.8 
Binghamton 45.7 Columbia 63.3 West Virginia 
Buffalo 47.6 Greenville-Spartanburg 60.1 Beckley 50.9 
New York (Central Park) 54.5 Charleston 54.8 
New York (JFK Airport) 53.2 South Dakota Elkins 49.4 
New York (La Guardia Airport) 54.3 Aberdeen 43.0 Huntington 55.2 
Rochester 47.9 Huron 447 
Syracuse 417 Rapid City 46.7 Wisconsin 
Sioux Falls 45.3 Green Bay 43.6 
North Carolina La Crosse 46.1 
Asheville 55.5 Tennessee Madison 45.2 
Cape Hatteras 61.9 BristolJohnston City 55.9 Milwaukee 46.1 
Charlotte 60.0 Chattanooga 59.4 
Greensboro—High Point 57.9 Knoxville 58.9 Wyoming 
Raleigh 59.0 - Memphis 61.8 Casper 45.2 
Wilmington 63.4 Nashville 59.2 Cheyenne 45.7 
Oak Ridge 57.5 Lander 44.4 
North Dakota Sheridan 446 
Bismark 41.3 
Fargo 40.5 
Williston 40.8 


Source: The data in this table are from Reference 4. 


Copyright por American Petroleum Institute 
Wed Feb 09 16:29:14 2005 


STD-API/PETRO MPMS 19-2-ENGL 1997 MM 0732290 0564513 &94 


30 CHAPTER 19—EVAPORATIVE LOSS MEASUREMENT 


Table 16—Average Annual Stock Storage 
Temperature, 7,, as a Function of 


Tank Paint Color 

Average Annual Stock 

Storage Temperature T, 
Tank Color (degrees Fahrenheit) 
White T,+0 
Aluminum T,+2.5 
Gray T, + 3.5 
Black T,+5.0 


be assumed to be negligible, in which case the total loss can be 
assumed to be approximately equal to the standing storage loss. 

Sample problems are provided which illustrate the proce- 
dure for estimating evaporative loss. An external floating-roof 
tank (EFRT) problem is given in 7.2, an internal floating-roof 
tank (IFRT) problem in 7.3, and a covered floating-roof tank 
(CFRT) problem in 7.4. 


7.2 EFRT SAMPLE PROBLEM 


Estimate the total annual evaporative loss, in pounds per 
year and barrels per year, given the following information. 

A welded, external floating-roof tank in good condition has 
the following characteristics: 


a. Adiameter of 100 feet. 

b. A shell painted an aluminum color. 

c. A pontoon floating roof. 

d. A mechanical-shoe primary seal. 

e. An unslotted guidepole with no controls (that is, no well 
gasket, pole wiper, or pole sleeve). 

f. Typical construction details assumed for all other deck fit 
tings. 


The motor gasoline stored in the tank has the following 
characteristics (no vapor or liquid composition is given): 


a. A Reid vapor pressure of 10 pounds per square inch. 

b. A liquid stock density of 6.1 pounds per gallon. 

c. An average net throughput of 1.5 million barrels per 
year, 


The ambient conditions are as follows: 


a. An average annual ambient temperature of 60°F. 

b. An atmospheric pressure of 14.7 pounds per square inch 
absolute. 

c. An average annual ambient wind speed of 10 miles per 
hour. 


7.2.1. EFRT Standing Storage Loss 


Estimate the standing storage loss from Equations 1 and 2: 
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Table 17—Average Clingage Factors, C, For Steel Tanker 
(Barrels per 1000 Square Feet) 


Shell Condition 


Light Dense Gunite 

Product Stored Rust Rust Lining 
Gasoline 0.0015 0.0075 0.15 
Single-component stocks 0.0015 0.0075 0.15 
Crude Oil 0.0060 0.030 0.60 


Note: If no specific information is available, the values in this table can be 
assumed to represent the most common or typical condition of tanks cur- 
rently in use. : 


L, = ((F,) + (Fr) + (Fa)] PM, K, () 
(eee) 
barrels) \_ year 
L ( year ) 42 W, 2) 


The variables in Equations 1 and 2 can be determined as 
follows: 


Total rim-seal loss factor 
Fo = KD (10) 
= 4,400 pound-moles per year (from Equation 10 
for an average-fitting primary only mechanical- 
shoe seal, with V = 10 miles per hour). 


K, = 5.8 +(0.3)(10}?! 
= 44 pound-moles per foot*year (for a welded 
tank with a mechanical-shoe primary seal, 
from Equation 11 and Table 4, or directly 

from Table 4). 

D = 100 feet (given). 


Total deck-fitting loss factor 


Fe = (Nn Kn) + (NpKp) +--+ Na Kod] (13) 
= 2,500 pound-moles per year (from Equation 13, 
with V = 10 miles per hour). 
Where: 


NeanKran= (1)[(1.6) + (0)(0.7 x 10) 9] 
= 1.6 pound-moles per year (for bolted, gasketed 
access hatches, from Equation 14 and Table 6, or 
directly from Table 6). 
N,-Kje = (not used on EFRTs) 
= 0 pound-moles per year (for fixed-roof support 
columns). 
NegKige = CLLC14) + (5.4)(0.7 x 10) 3] 
= 60 pound-moles per year (for unbolted, ungas- 
keted gauge floats, from Equation 14 and Table 
6, or directly from Table 6). 
NespKtsy = (1)[(0.47) + (0.02)(0.7 x 10) 997} 
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0.6 pound-moles per year (for gasketed gauge 
hatch/sample ports, from Equation 14 and Table 
6, or directly from Table 6). 
(1)[(6.2) + (1.2)(0.7 x 1094] 
14 pound-moles per year (for gasketed vacuum 
breakers, K,,,, from Equation 14 and Table 6 or 
directly from Table 6, N,,, from Table 8), 
(1)((1.8) + (0.14)(0.7 = 109!) 
= 3.0 pound-moles per year (for 10 percent open 
deck drains, K;s, from Equation 14 and Table 6 
or directly from Table 6, Niaa from Table 8). 
NeaKja = (17) [(2.0) + (0.37) (0.7 x 10)°9!] + 
(16) [(0.82) + (0.53) (0.7 x 10)*"4] 
9S pound-moles per year (for deck legs, K,., from 
Equation 14 and Table 6 or directly from Table 
6, N,4 from Table 9). 
(1)[(0.71) + (0.10)(0.7 x 10)! 
1.4 pound-moles per year (for gasketed rim 
vents, from Equation 14 and Table 6, or directly 
from Table 6). 
N,Kq = (not typically used on EFRTs) 
= 0 pound-moles per year (for vertical ladders). 
NeogpKtugp = (1)[(31) + (150)(0.7 x 10)"4] 
= 2300 pound-moles per year (for unslotted guide- 
poles with no well gasket, pole wiper or pole 
sleeve, from Equation 14 and Table 6, or directly 
from Table 6). 
NosepK tspp = (not typically used when an unslotted guidepole is 
present) 
= 0 pound-moles per year (for slotted guide-poles). 


N, rk, fvb 


N ‘aX fdd 


NiwK trv 


Total deck-seam loss factor 


Fy = K,S,D (17) 
= (0.0)(0.0)(100)? 
= 0 pound-moles per year (from Equation 17 for a 
welded deck). 


Vapor pressure function 


BE pe i (19) 
{14 [1 -(P/P,)]°5}? 


pine 5.4/14.7 
{1+[1-(5.4/14.7)}5}? 


= 0.114 (for P = 5.4 pounds per square inch absolute, 
from Equation 19 or Table 11). 


Where: 


T, = 60°F (given). 
T, = 62.5°F (from Table 16 for an aluminum-colored 
tank). 
RVP = Reid vapor pressure. 
= 10 pounds per square inch (given). 
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P = 5.4 pounds per square inch absolute (for gasoline 
with RVP = 10 pounds per square inch and 7, = 
62.5°F, from Equation 20 or Figure 1). 

P, = 147 pounds per square inch absolute (given). 


Vapor molecular weight 
M, = 64 pounds per pound-mole (for gasoline, from 
5.3.2). 


Product factor 
K, = 1.0 (for refined stocks, from 5.3.3). 


Density of condensed vapor 
W, = 5.1 pounds per gallon (from Equation 26). 


EFRT standing storage loss 
To estimate the standing storage loss in pounds per year, 
substitute the values above into Equation 1: 


[4400 + 2500 + 0] (0.114) (64) (1.0) 
50,000 pounds per year. 


To estimate the standing storage loss in barrels per year, 
substitute the values above into Equation 2: 


L, = 50,000/ [(42) (5.1)] 
= 230 barrels per year. 
7.2.2 EFRT Withdrawal Loss 


Estimate the withdrawal loss from Equation 6 and Equa- 
tion 7: 


igz jo ee] [1 Ses | (6) 
(es) 


The variables in Equations 6 and 7 can be determined as 
follows: 


Q = 1.5.x 106 barrels per year (given). 
C = 0.0015 barrel per 1000 square feet (for gasoline 
in a lightly rusted tank, from Table 17). 
W, = 6.1 pounds per gallon (given). 
D = 100 feet (given). 
N, = 0. 


To estimate the withdrawal loss in pounds per year, substi- 
tute the values above into Equation 6: 


L. = peoeesdius x io onus yet +O) 


= 130 pounds per year. 
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To estimate withdrawal loss in barrels per year, substitute 
the values above into Equation 7: 


L, =  130/[(42) (6.1)] 
= 0.5 barrel per year. 
7.2.3 EFRT Total Loss 
Estimate the total loss from Equations 8 and 9: 


L, (ee) Te (eee) (8) 
year year 
= 50,000 + 130 
= 50,000 pounds per year. 
(| a ao (==) (9) 
year year 
= 230+0.5 
= 230 barrels per year. 
7.3 IFRT SAMPLE PROBLEM 


Estimate the total annual evaporative loss, in pounds per 
year and barrels per year, given the following information. 

A welded shell, internal floating-roof tank in good condi- 
tion has the following characteristics: 


. A diameter of 100 feet. 

. Built-up fixed-roof support columns. 

. Ashell painted an aluminum color. 

A noncontact aluminum floating roof. 
. A wiper-type primary seal 

Bolted deck seams. 

. Typical deck fittings. 


mmonagp 


The motor gasoline stored in the tank has the following 
characteristics (no vapor or liquid composition is given): 


a. A Reid vapor pressure of 10 pounds per square inch. 
b. A liquid stock density of 6.1 pounds per gallon. 
c. An average net throughput of 1.5 million barrels per year. 


The ambient conditions are as follows: 


a. An average annual ambient temperature of 60°F. 
b. An atmospheric pressure of 14.7 pounds per square inch 
absolute. 


7.3.1 
Estimate the standing storage loss from Equations 1 and 2: 


IFRT Standing Storage Loss 


L, = [((F,) + (Fp) +(F,)] P*M, K, () 
L (Pom) 
arrels\ —* \_- year 
e year = 42 W, @ 
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The variables in Equations 1 and 2 can be determined as 
follows: 
Total rim-seal loss factor 
= K,D (10) 
= 670 pound-moles per year (from Equation 10 for 
an average-fitting primary only vapor-mounted 
seal). 


6.7 pound-moles per footeyear (for an average- 
fitting primary only vapor-mounted seal, from 
Equation 12 and Table 4, or directly from 
Table 4). 


D = 100 feet (given). 


Total deck-fitting loss factor 


Fy [1 Kn) + Wek) +... + (Np Ka] (13) 
770 pound-moles per year (from Equation 
13). 


Where: 
NeanKion = (1)(36) 

36 pound-moles per year (for unbolted cover, 
ungasketed access hatches, from Equation 16 
and Table 6). 

(6)(47) 

280 pound-moles per year (for built-up col- 
umns, ungasketed sliding covers, from Equa- 
tion 16 and Tables 6 and 7). 

(a4) 

14 pound-moles per year (for unbolted, 
ungasketed gauge floats, from Equation 16 
and Table 6). 

(1)12) 

12 pound-moles per year (for gauge hatch/ 
sample ports with slit fabric seals, from Equa- 
tion 16 and Table 6). 

(1)(6.2) 

6.2 pound-moles per year (for gasketed vac- 
uum breakers, from Equation 16 and Table 6). 

(80)(1.2) 

96 pound-moles per year (for l-inch deck 
drains, from Equation 16 and Table 6). 
(32)(7.9) 

250 pound-moles per year (for adjustable 
deck legs, from Equation 16 and Table 6). 
(not used with vapor-mounted rim seals) 

0 pound-moles per year (for rim vents). 
(1)(76) 

76 pound-moles per year (for vertical ladders, 
sliding ungasketed cover, from Equation 16 
and Table 6). 

NeugpXtugp = (not typically used on IFRTs) 
= 0 pound-moles per year (for unslotted guide- 
poles). 


NieKc 


NigK ge 


N, tspKtsp 


N, fvb“*fvb 


NraaK aa 


ou 


N, aKa 


NivKiw 


NiKa 
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NisepKisgp = (not typically used on IFRTs) 
= Q pound-moles per year (for slotted guide- 
poles). 
Total deck-seam loss factor 
F, = K,S,D? (17) 
= (0.34)(0.20)(100) 


680 pound-moles per year (from Equation 17 
and Table 10 for a bolted noncontact deck 
with 5-feet wide sheets). 


Vapor pressure function 
Fee SL ea 
{1+ [1-(P/P,]°}" 
pee 5.4/14.7 st 
{14+[1-(5.4/14.7)]°?} 


(19) 


= 0.114 (for P = 5.4 pounds per square inch absolute, 
from Equation 19 or Table 11). 


Where: 

T, = 60°F (given). 

ro = 62.5°F (from Table 16 for an aluminum- 
colored tank). 

RVP = Reid vapor pressure. 
= 10 pounds per square inch (given). 

P = 5.4 pounds per square inch absolute (for gaso- 
line with RVP = 10 pounds per square inch 
and T, = 62.5°F, from Equation 20 or Figure 1). 

P, = 14.7 pounds per square inch absolute (given). 


Vapor molecular weight 


M, = 64 pounds per pound-mole (for gasoline, from 
5.3.2). 


Product factor 
K, = 1.0 (for refined stocks, from 5.3.3). 


Density of condensed vapor 
W, = 5.1 pounds per gallon (from Equation 26). 


IFRT standing storage loss 


To estimate the standing storage loss in pounds per year, 
substitute the values above into Equation 1: 
L, = [670+ 770 + 680] (0.114) (64) (1.0) 
= 15,000 pounds per year. 
To estimate the standing storage loss in barrels per year, 
substitute the values above into Equation 2: 


L, = 15,000 / [(42) (5.1)] 
= 70 barrels per year. 


7.3.2 IFRT Withdrawal Loss 


Estimate the withdrawal loss from Equation 6 and Equa- 
tion 7: 
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ie por) gen [1 +e Be 4 (6) 
L,(Pane) 
Py a ow 7 


The variables in Equations 6 and 7 can be determined as 
follows: 


Q 


1.5 x 106 barrels per year (given). 

= 0.0015 barrel per 1000 square feet (for gasoline 
in a lightly rusted tank, from Table 17). 

W, = 6.1 pounds per gallon (given). 

= 100 feet (given). 

¢ = 6 (from Table 7 for a 100 foot tank). 
= 1.1 feet (for typical built-up columns). 


ion) 
! 


To estimate the withdrawal loss in pounds per year, substi- 
tute the values above into Equation 6: 


_ £(0.943)(1.5 x 10°)(0.0015)(6.1) (6)(1.1) 
Ly = [ 100 Ib 100 | 
= 140 pounds per year. 


To estimate withdrawal loss in barrels per year, substitute 
the values above into Equation 7: 


L, = 140/[(42) (6.1)] 
= 0.5 barrel per year. 


7.3.3 IFRT Total Loss 


Estimate the total loss from Equations 8 and 9: 


r (Pee) Sy (eee) (8) 
year year 
= 15,000 + 140 
= 16,000 pounds per year. 
barrels barrels 
patio DS OF beteet 
L, (Nee tl) FES) © 
=70+0.5 
= 70 barrels per year. 


7.4 CFRT SAMPLE PROBLEM 


Estimate the total annual evaporative loss, in pounds 
per year and barrels per year, given the following infor- 
mation. 

A welded shell, CFRT in good condition has the following 
characteristics: 


a. A diameter of 100 feet. 
b. A shell painted an aluminum color, 
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c. A pontoon floating roof (originally built in accordance 
with API 650 Appendix C) [3] 

d. A mechanical-shoe primary seal. 

e. An unslotted guidepole with no controls (for example, no 
well gasket, pole wiper, or pole sleeve). 

f. Typical construction details assumed for all other deck-fit- 
tings. 

g. A self-supporting aluminum dome roof. 


The motor gasoline stored in the tank has the following 
characteristics (no vapor or liquid composition is given): 


a. A Reid vapor pressure of 10 pounds per square inch. 
b. A liquid stock density of 6.1 pounds per gallon. 
c. An average net throughput of 1.5 million barrels per year. 


The ambient conditions are as follows: 


a. An average annual ambient temperature of 60°F. 
b. An atmospheric pressure of 14.7 pounds per square inch 
absolute. 


7.4.1 CFRT Standing Storage Loss 


Estimate the standing storage loss from Equations 1 and 2: 


L, = [(F,) + (F,) + (Fa)] P*M, K, (1) 
ec) 
barrels\ *\_-year 
L, ( year } 42 W, @) 


The variables in Equations 1 and 2 can be determined as 
follows: 


Total rim-seal loss factor 
F. =K,D (10) 
= 580 pound-moles per year (from Equation 10 for an 


average-fitting primary only mechanical-shoe seal, 
with V = 0 miles per hour). 


K, = 5.8 pound-moles per footeyear (for a welded tank 
with a mechanical-shoe primary seal, from Equa- 
tion 12 and Table 4, or directly from Table 4). 

D = 100 feet (given). 


Total deck-fitting loss factor 
Fy = [(NaKy) + (NpKg) + ... + NaKa] (13) 
= 100 pound-moles per year (from Equation 13, 
with V = 0 miles per hour). 
Where: 
NenKoan = (1)(1.6) 
= 1.6 pound-moles per year (for bolted, gas- 


keted access hatches, from Equation 16 and 
Table 6). 
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N,-Ky- = (not used on self-supporting fixed roofs) 
0 pound-moles per year (for fixed-roof support 
columns). 
NegrK ter = (D4) 
= 14 pound-moles per year (for unbolted, ungas- 
keted gauge floats, from Equation 16 and Table 6), 
NipKip = (1)(0.47) 
= 0.47 pound-moles per year (for gasketed gauge 
hatch/sample ports, from Equation 16 and 
Table 6). 
NewKiv = (1)(6.2) 
= 6.2 pound-moles per year (for gasketed vac- 
uum breakers, from Equation 16 and Tables 6 
and 8). 
(1)(1.8) 
1.8 pound-moles per year (for 10 percent open 
deck drains, from Equation 16 and Tables 6 and 
8). 
(17) (2.0) + (16) (0.82) 
47 pound-moles per year (for deck legs, from 
Equation 16 and Tables 6 and 9), 
= (1)(0.71) 
= 0.71 pound-moles per year (for gasketed rim 
vents, from Equation 16 and Table 6). 
(not typically used on CFRTs) 
0 pound-moles per year (for vertical ladders). 
(1)G31) 
31 pound-moles per year (for unslotted guide- 
poles with no well gasket, pole wiper or pole 
sleeve, from Equation 16 and Table 6). 
NecepKisgp = (not typically used when an unslotted guidepole 
is present) 
= 0 pound-moles per year (for slotted guidepoles). 


Total deck-seam loss factor 


N, rad rag 


N, carat 


N, in, frv 


NrKa 


N, tugeh tugp 


F, = K,5,D° (17) 
= (0.0)(0.0)(100)2 
= 0 pound-moles per year (from Equation 17 for a 
welded deck). 
Vapor pressure function 
a ais 
{1+[1-(P/P,)] 7} 
p* = 5.4/14.7 : 
{1+ (1-(5.4/14.7)]"?} 
= 0.114 (for P = 5.4 pounds per square inch 
absolute, from Equation 19 or Table 11). 
Where: 
T, = 60°F (given). 
T, = 62.5°F (from Table 16 for an aluminum-colored 
tank). 
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RVP = Reid vapor pressure. 

10 pounds per square inch (given). 

P = 5.4 pounds per square inch absolute (for gaso- 
line with RVP = 10 pounds per square inch and 
T, = 62.5°F, from Equation 20 or Figure 1). 

P, = 14.7 pounds per square inch absolute (given). 


Vapor molecular weight 


M, = 64 pounds per pound-mole (for gasoline, from 
5.3.2). 


Product factor 

K, = 1.0 (for refined stocks, from 5.3.3). 
Density of condensed vapor 

W, = 5.1 pounds per gallon (from Equation 26). 
CFRT standing storage loss 


To estimate the standing storage loss in pounds per year, 
substitute the values above into Equation 1: 


L, = [580 + 100 + 0] (0.114) (64) (1.0) 
= 5,000 pounds per year. 


To estimate the standing storage loss in barrels per year, 
substitute the values above into Equation 2: 


L, = 5,000/[(42) (5.1)] 


= 23 bartels per year. 


7.4.2 CERT Withdrawal Loss 


Estimate the withdrawal loss from Equation 6 and Equa- 


tion 7: 
ae cesieew E BuEUe ) 6) 


The variables in Equations 6 and 7 can be determined as 


follows: 
Q = 1.5.x 106 barrels per year (given). 
C = 0.0015 barrel per 1000 square feet (for gasoline in 


a lightly rusted tank, from Table 17). 
W, = 6.1 pounds per gallon (given). 
D = 100 feet (given). 
N, = 0. 


To estimate the withdrawal loss in pounds per year, substi- 
tute the values above into Equation 6: 


_ £(0.943)(1.5 x 10°)(0.0015)(6.1) (0) 
Eye [ 100 ] [} + too! 


= 130 pounds per year. 
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To estimate withdrawal loss in barrels per year, substitute 
the values above into Equation 7: 


L, = 130/[(42) (6.1)] 
0.5 barrel per year. 


7.4.3 CFRT Total Loss 


Estimate the total loss from Equations 8 and 9: 


L, (eee) at ed) (eae) (8) 
year year 
= 5,000 + 130 
= 5,100 pounds per year 
L, (==) Sey (==) (9) 
year year 
= 23+05 
= 24 barrels per year. 


8 Description of Floating-Roof Tanks 
8.1 COMPONENTS 
8.1.1 General 


This section describes the evaporative loss-related con- 
struction features of floating-roof tanks. These are vessels that 
have a vertical cylindrical shell and a roof that floats on the 
surface of the liquid stock. They may also have a fixed roof 
attached to the top of the shell. 

The basic components of the floating roof include (a) a 
floating deck; (b) an annular rim seal attached to the perime- 
ter of the floating deck; and (c) fittings that penetrate the float- 
ing deck for some functional purpose. General types of these 
components, which are available in a range of commercial 
designs, are described in this section. Included in these 
descriptions are comments on the potential for evaporative 
loss, as well as some design and operational characteristics. 
Other factors, such as tank maintenance and safety, are 
important in designing and selecting tank equipment but are 
outside the scope of this publication. 


8.1.2 Floating Decks 


Floating decks reduce evaporative stock loss by covering 
the liquid surface, thereby minimizing the liquid surface 
exposed to evaporation. The floating deck may be in contact 
with the liquid surface or may confine a layer of saturated 
vapor under the deck supported on floats above the liquid 
(IFRTs). The loss of vapor otherwise displaced from fixed- 
roof tanks by filling and breathing is virtually eliminated [6]. 
Evaporative loss does occur during standing storage through 
the annular rim space, deck fittings, and in some cases, deck 
seams (IFRTs). 
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Floating decks are used in volatile stock service for stocks 
with a true vapor pressure at storage conditions below atmo- 
spheric pressure (that is, nonboiling). They are available in 
virtually all commercial tank sizes, from about 20 to 400 feet 
in diameter. Modified designs have been installed in tanks 
down to 8 feet in diameter. Methods and materials have been 
developed to properly seal the annular rim space, which is 
located between the tank shell and the rim of the deck, and to 
seal around the fittings that penetrate the floating deck. 

Floating decks are typically constructed by joining sheets 
or panels of deck material in the field. This may be accom- 
plished by a mechanical means, such as by bolting or by 
welding. Decks with bolted seams are typically made of alu- 
minum, whereas welded decks are typically made of steel 
plates. Bolted deck seams are described in 8.1.5. 

Floating decks are sometimes characterized by the location 
of the deck relative to the liquid stock surface. A deck that is 
supported above the liquid stock surface by buoyant struc- 
tures is referred to as a noncontact deck. A deck that floats 
directly on the liquid stock surface is referred to as a contact 
deck. Steel decks are typically of contact design, whereas 
nonferrous materials, such as aluminum, are used in both 
noncontact and contact designs. 

API Standard 650 [3] has two appendixes for the design of 
floating roofs. Decks of sufficiently heavy construction to 
support environmental loadings, such as rainfall, are designed 
in accordance with API Standard 650, Appendix C. 3 Decks 
that are intended for use only in tanks that also have a fixed 
roof at the top of the shell tend to be of lighter construction, in 
that the fixed roof protects the floating deck from exposure to 
the elements. These decks are designed in accordance with 
API Standard 650, Appendix H. 

Tanks that have the heavier floating deck, and which do not 
have a fixed roof, are designated external floating-roof tanks 
(EFRTs). Tanks that have the lighter floating deck protected 
by a fixed roof are designated internal floating-roof tanks 
(IFRTs). Tanks that have a floating deck of the heavier exter- 
nal floating roof type, but which also have a fixed roof, are 
designated covered floating-roof tanks (CFRTs) [10]. 

The basic types of floating decks commonly used in 
EFRTs are described in 8.2.1 (see Figures 7 and 8). The basic 
types of floating decks commonly used IFRTs are described 
in 8.2.2 (see Figure 9). CFRTs, which are described in 8.2.3, 
have the same types of floating decks as those used in EFRTs 
(see Figure 10). 


8.1.3 Rim Seals 


All types of floating roofs have an annular space between 
the perimeter or rim of the deck and the shell of the tank to 
permit travel of the floating roof within the tank. A rim-seal 
system is used to control evaporative loss from the rim space. 
Effective rim-seal systems close the rim space, accommo- 
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date irregularities between the floating roof and the tank 
shell, and help to center the roof, yet permit normal roof 
movement. 

A rim-seal system can consist of one or two separate seals: 
(a) the primary seal and (b) the secondary seal, which is 
mounted above the primary seal. 

Three basic types of primary seals are currently in wide- 
spread use: (a) vapor-mounted, (b) liquid-mounted, and (c) 
mechanical-shoe. Vapor-mounted and liquid-mounted pri- 
mary seals are both typically made of nonmetallic materials 
and are differentiated from each other by the location of the 
rim seal relative to the stock liquid surface. Rim seals 
mounted on the floating deck such that a vapor space exists 
between the liquid stock and the bottom of the rim seal are 
referred to as vapor-mounted. If the bottom of the rim seal 
touches the liquid, it is referred to as a liquid-mounted seal. 
Mechanical-shoe seals are a different type of construction 
altogether, being made primarily of metallic materials. 

Two basic configurations of secondary seals are currently 
in widespread use: shoe-mounted and rim-mounted. In addi- 
tion, some external floating roof rim-seal systems include a 
weather shield. Other types of primary and secondary seals 
have been or are being developed, but these rim seals are not 
currently in widespread use. A number of specific types of 
rim seals and weather shields, which represent most of the 
rim-seal systems currently in use, are described below. 

Proper attention should be given to the selection of the 
materials used in the construction of rim-seal systems 
because of the potential for chemical incompatibility with the 
stored product. 


8.1.3.1 Vapor-Mounted Primary Seals 


Vapor-mounted primary seals include resilient-filled seals 
positioned sufficiently above the liquid surface (see Figure 
11) so as to not be in contact with it, and flexible-wiper seals. 

Resilient-filled seals work on the principle of expansion 
and compression of a resilient material to maintain contact 
with the tank shell while accommodating varying annular rim 
space widths. These seals typically consist of a core of open- 
cell foam enclosed in an elastomer-coated fabric envelope. 
The resiliency of the foam core pushes the fabric into contact 
with the tank shell. Polyurethane-coated nylon fabric and 
polyurethane foam are common materials. Reinforced 
Teflon™ and fluorocarbon fabrics are also available. The 
foam core provides the flexibility and support while the fabric 
envelope provides the vapor barrier and wear surface. 

Vapor-mounted primary seals are attached to the deck 
perimeter and extend around the circumference of the deck. 
For evaporative loss control, it is important that the attach- 
ment of the seal to the deck and the radial seal joints be essen- 
tially vapor-tight and that the seal be generally in contact with 
the tank shell. 

(continued on page 41) 
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Open top (no fixed roof) 


Deck leg 


(center area) Access hatch 


Deck leg Gauge hatch/ 
(pontoon area) ewes port 
Vacuum breaker Slotted guidepole 


Rim seal Gauge float 


Tank shell 


Rim vent 
(if required) 


Note: Details shown do not necessarily represent the most common or typical features in use. 


Figure 7—External Floating-Roof Tank With Pontoon Floating Roof [12] 
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Open top (no fixed roof) 


Overflow drain Access hatch 
7 Gauge hatch/ 
Deck leg sample port 
Solid guidepole 
(unslotted) 
Vacuum breaker 
Gauge float 


Rim seal 


Tank shell 
Rim vent 
(if required) 


Note: Details shown do not necessarily represent the most common or typical features in use. 


Figure 8—External Floating-Roof Tank With Double-Deck Floating Roof [12] 
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Peripheral roof vents Fixed-roof center vent 


Fixed roof 
(column- 


Rim seal _ : Le Tank shell 


Sample port Deck leg 


Ladder Gauge float 


Vacuum breaker Fixed-roof 
support column 


Access hatch Deck drain 


Note: Details shown do not necessarily represent the most common or typical features in use. 


Figure 9—Internai Floating-Roof Tank With Noncontact Deck [12] 
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Vacuum breaker Gauge float 
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Note: Details shown do not necessarily represent the most common or typical features in use. 


Figure 10—Covered Floating-Roof Tank With External-Type Floating Roof [12] 
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Flexible-wiper seals consist of an annular blade of flexible 
material attached to the deck perimeter, spanning the annular 
rim space and contacting the tank shell. The mounting is such 
that the blade is flexed and its elasticity provides a sealing 
pressure against the tank shell. For evaporative loss control, it 
is important that the attachment of the seal to the deck and the 
radial seal joints be essentially vapor-tight; the seal extend 
around the circumference; the blade be generally in contact 
with the tank shell; and the edge of the seal not extend into 
the liquid during upward travel of the deck. 

Two types of flexible wipers are commonly used. One type 
consists of a cellular, elastomeric material tapered in cross 
section with the thicker portion at the mounting. Buna-N rub- 
ber™ is a commonly used material; urethane and cellular 
plastic are also available. 

A second type of flexible wiper uses an open-cell foam 
core enclosed in an elastomer-coated fabric envelope. This 
type of flexible-wiper seal uses materials of construction sim- 
ilar to a resilient-filled seal, but is configured so as to act in 
flexure rather than in compression. 


8.1.3.2 Liquid-Mounted Primary Seals 


When resilient-filled seals are mounted in a position that 
results in the bottom of the seal touching the liquid surface, 
they are considered liquid-mounted primary seals (see Figure 
12). The fabric envelope of a liquid-mounted seal may be 
filled with a resilient foam, similar to that used in a vapor- 
mounted seal, or may be filled with a liquid. 

Liquid-mounted primary seals are attached to the deck 
perimeter and extend around the circumference of the deck. 
For evaporative loss control, it is important that the attach- 
ment of the seal to the deck and the radial seal joints be essen- 
tially vapor-tight and that the seal be generally in contact with 
the tank shell. 

As with all seals that rely on a fabric envelope as the slid- 
ing contact with the tank shell, liquid-mounted seals are sub- 
ject to being torn by rivet heads or weld burrs on the tank 
shell. Furthermore, coated fabrics in contact with hydrocar- 
bon products, especially those with high aromatic content, 
have in some cases experienced reduced life or required 
increased maintenance. Recent advances in synthetic com- 
pounding have resulted in fabrics with increased compatibil- 
ity with hydrocarbon products. Seal manufacturers can 
recommend the most suitable envelope fabric for particular 
applications. 

Most vapor- and liquid-mounted seals are designed to 
accommodate a normal variation of +4 inches in a nominal 8- 
inch-wide rim space. Different details are available for tanks 
with large diameters or with rim spaces wider than 8 inches. 


8.1.3.3 Mechanical-Shoe Primary Seals 


The identifying characteristic of a mechanical-shoe seal is 
that it uses a light-gauge metallic band as the sliding contact 


with the shell of the tank (see Figure 13). The band is formed 
as a series of sheets (shoes) that are joined together to form a 
ring and are held against the tank shell by a mechanical 
device. The joints may be bolted, riveted, or sliding and may 
incorporate a gasket. While details vary by manufacturer, the 
shoes are normally 3 to 5 feet in height and thus provide a 
potentially large contact area with the tank shell. Expansion 
and contraction of the ring is provided for as the ring passes 
over shell irregularities or rivets. This can be accomplished by 
jointing narrow pieces of fabric into the ring, by crimping the 
shoes at intervals, or by sliding joints between the sheets. The 
bottoms of the shoes extend below the liquid surface to con- 
fine the rim vapor space between the shoe and the rim of the 
floating roof. 

The rim vapor space, which is bounded by the shoe, the 
rim of the floating deck, and the liquid surface, is sealed from 
the atmosphere by bolting or clamping a coated fabric called 
the primary-seal fabric that extends from the shoe to the rim. 
The specific type of fabric used varies with the tank manufac- 
turer and the type of service. 

Two locations are used for attaching the primary-seal fab- 
ric. With the most commonly used method, the fabric is 
attached to the top of the shoe and the rim of the floating 
deck. With the reduced-rim-vapor-space method, the fabric is 
attached to the shoe and the rim of the floating deck near the 
surface of the stored liquid stock. Rim vents (8.1.4) can be 
used to relieve excess pressure or vacuum in the rim vapor 
space. 

Mechanical-shoe seals are usually designed to accommo- 
date a local variation of +5 inches in a nominal 8-inch-wide 
rim space. Different design details are available for tanks with 
large diameters or with rim spaces wider than 8 inches. The 
shoe sealing ring and mechanism ordinarily provide sufficient 
flexibility to accommodate nominal irregularities in the tank 
shell. Mechanical-shoe seals can easily be fitted with wear 
plates for longer service life in riveted tanks. 

In normal use (that is, when the floating roof is kept contin- 
uously floating), mechanical-shoe seals have a good service 
life. In general, the primary-seal fabric begins to show signs 
of aging before the metallic parts show wear. Where mechan- 
ical-shoe seals are used with a corrosive product or with 
unusual operating practices, such as when the underside of 
the floating roof is continuously exposed to air, corrosion may 
be severe. In such service, the use of corrosion-resistant met- 
als or special coatings can be advantageous. 

Since the integrity of the enclosed rim vapor space is 
important with respect to controlling evaporative loss, proper 
Maintenance should be conducted to repair holes or other 
defects. 


8.1.3.4 Secondary Seals 


Generally, secondary seals can be divided into two catego- 
ries: rim-mounted and shoe-mounted (see Figure 14), Rim- 
mounted secondary seals may attach directly to a rim angle or 
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Figure 11—Vapor-Mounted Primary Seals [12] 


Copyright por American Petroleum Institute 
Wed Feb 09 16:29:16 2005 


STD-API/PETRO MPMS 19-2-ENGL 1997 MM O?732290 ‘OSb4Sab uua = 


SECTION 2—EVAPORATIVE LOSS FROM FLOATING-ROOF TANKS 43 


Floating roof deck 


Liquid surface 


Tank shell 


Resilient-filled seal 
(bottom of seal in contact with the liquid 
surface) 


(see section view below) 


Tank 
shell 


Weathershield 
(not shown above) 


Resilient core 


Elastomeric- (foam or liquid-filled) 


coated : 

? Floating 
fabric roof deck 
envelope 


Liquid 
surface 


Figure 12—Liquid-Mounted Primary Seals [12] 


be mounted to an extended vertical rim plate. They are more 
effective in reducing losses than shoe-mounted secondary 
seals because they cover the entire rim vapor space. Shoe- 
mounted secondary seals, which are used only with mechani- 
cal-shoe primary seals, are effective in reducing losses from 
gaps between the shoe and tank shell, but do not reduce losses 
caused by defects in the primary-seal fabric. 

Secondary seals can be made from a series of metallic 
sheets joined together to form a ring with a nonmetallic tip 
that slides on the inside surface of the tank shell. The 
joints may be bolted, riveted, or sliding and may incorpo- 
rate a gasket material between the sheets. Secondary seals 
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Figure 13—Mechanical-Shoe Primary Seals [12] 


can also be made from fabric or elastomeric materials, 
sometimes reinforced with metallic or nonmetallic stiffen- 
ers or guided by external attachments. Some nonmetallic 
secondary seals are designed to reverse as the floating 
roof’s direction of travel reverses, as shown by the dotted 
line in Figure 14. For secondary seals to be effective, they 
must maintain contact with the tank shell. 

Since the secondary seal is positioned above the primary 
seal, the effective operating capacity may be reduced in 
order for the secondary seal to remain in contact with the 
tank shell or to prevent contact with a fixed roof, if one is 
present. 


STD-API/PETRO MPMS 19-2-ENGL 1997? MM 0732290 O564527 349 


44 CHAPTER 19—Evaporative Loss MEASUREMENT 


8.1.3.5 Weather Shields 


When external floating roofs that have a resilient-filled pri- 
mary seal are not equipped with a secondary seal, most are 
furnished with weather shields, as shown in Figure 12. 
Weather shields are usually of a leaf-type construction and 
have numerous radial joints to allow for movement of the 
floating roof and irregularities in the tank shell. Weather 
shields may be of metallic, elastomeric, or composite con- 
struction. They are normally attached to the rim of the floating 
deck with either a mechanical or a pliable-hinge connection. 
Weather shields generally provide the primary seal with longer 
life by protecting the primary-seal fabric from deterioration 
due to exposure to weather, debris, and sunlight. 


8.1.4 Deck Fittings 


Numerous fittings pass through or are attached to a floating 
roof deck to allow for operational functions or to accommo- 
date structural support members. Deck fittings can be a 
source of evaporative loss when they require openings 
through the deck. Other accessories are used that do not pene- 
trate the deck and are thus not sources of evaporative loss. 
The most common tank accessories that require openings in 
the deck are described below. 


8.1.4.1. Access Hatches 


Figure 15 shows a typical access hatch, which consists of 
an opening in the deck with a peripheral vertical well attached 
to the deck and a removable cover. An access hatch is sized to 
provide for passage of workers and materials through the 
deck for construction and maintenance. The cover can rest 
directly on the well or a gasket can be used between the cover 
and the well to reduce evaporative loss. When a gasket is 
positioned under a cover or lid to seal it to the well, it is 
referred to as a well gasket. Bolting the cover to the well fur- 
ther reduces evaporative loss, With noncontact decks, the well 
extends into the liquid stock to seal off the vapor space below 
the deck. 


8.1.4.2 Fixed-Roof Support Columns 


The most common fixed-roof designs are supported from 
inside the tank by means of vertical columns, which necessar- 
ily penetrate the floating deck. Some fixed roofs are entirely 
self-supporting and, therefore, have no support columns. 
EFRTs do not have fixed roofs, and thus have no fixed-roof 
support columns. 

Fixed-roof support columns are made of pipe, with a circu- 
lar cross section, or are built up from structural shapes with 
irregular cross sections. The number of columns varies with 
tank diameter and other factors, from a minimum of 0 to over 
80 for very large diameter tanks. 
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The columns pass through deck openings with peripheral 
vertical wells (see Figure 16). With noncontact decks, the 
well extends into the liquid stock. A closure exists between 
the top of the well and the column, which must accommodate 
the movements of the deck relative to the column as the stock 
level changes. There are several proprietary designs for this 
closure, including sliding covers and fabric sleeves. When a 
sliding cover is used, a well gasket can be used under the 
cover to reduce evaporative loss. 


8.1.4.3 Gauge Floats 


Figure 17 shows a typical gauge float and well. Gauge 
floats are a part of a device, sometimes referred to as an auto- 
matic gauging system, that is used to indicate the level of 
stock within the tank. This system usually consists of a float 
contained within a well that passes through the floating roof 
deck. The float is connected to an indicator on the exterior of 
the tank by a cable or tape that passes through a guide system. 
The well is closed by a cover that contains a hole through 
which the cable or tape passes. Evaporative loss can be 
reduced by gasketing and/or bolting the cover to the well, in a 
similar manner as for an access hatch. The hole in the cover is 
typically not gasketed, in that the cable or tape must be 
allowed to pass freely in order to function properly. 


8.1.4.4 Gauge Hatch/Sample Ports 


Figure 18 shows typical gauge hatch/sample ports. Gauge 
hatch/sample ports provide access for hand gauging the level 
of stock in the tank and for taking thief samples of the tank 
contents. A gauge hatch/sample port consists of a pipe sleeve 
through the floating roof deck and a self-closing cover. Gauge 
hatch/sample ports are usually located under the gauger’s 
platform, which is mounted on the top of the tank shell. The 
cover may have a cord attached so that it can be opened from 
the gauger’s platform. A gasketed cover will reduce evapora- 
tive losses. 

On internal floating roofs, the sample port may have a fab- 
ric seal or diaphragm rather than a cover. The fabric seal is slit 
radially to allow entry of the sample thief, and the port may 
be funnel-shaped at the top to aid in guiding the sample thief 
into the opening in the deck. With noncontact decks, the pipe 
sleeve extends into the liquid stock to seal off the vapor space 
below the deck. 


8.1.4.5 Vacuum Breakers 


Figure 19 shows a typical vacuum breaker. A vacuum 
breaker is used to equalize the pressure in the vapor space 
beneath the floating roof when the roof is either landed on its 
legs or floated off its legs. This is accomplished by opening a 
deck fitting, usually consisting of a well formed of pipe or 
framing on which rests a cover. 
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Figure 14—Secondary Seals [12] 
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Figure 15—Access Hatch [12] 


A guided leg is attached to the underside of the vacuum- 
breaker cover which comes in contact with the tank bottom 
when the tank is being emptied, just prior to the point at 
which the deck support legs contact the tank bottom. When 
the vacuum-breaker leg contacts the tank bottom, it mechani- 
cally opens the vacuum breaker by lifting the cover off the 
well. When the leg is not in contact with the bottom, the 
opening is closed by the cover resting on the well. Some vac- 
uum breakers have adjustable legs to permit changing the 
floating roof level at which the leg contacts the bottom. Since 
the purpose of the vacuum breaker is to allow the free 
exchange of air or vapor, the well does not extend below the 
bottom of the floating roof deck. A well gasket can be used to 
reduce the evaporative loss when the cover is seated on the 
well. 


8.1.4.6 Deck Drains 


Deck drains, or open drains, are distinguished from closed 
drainage systems in that they permit water drainage from the 
surface of the floating roof deck directly into the product. 
Deck drains consist of an open pipe that extends a short dis- 
tance below the bottom of the floating roof deck into the lig- 
uid product. Since these drainpipes are filled with product to 
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Figure 16—Fixed Roof Support Column [12] 


the product level in the tank, evaporative loss occurs from the 
top of the drainpipes. 

Closed drainage systems, on the other hand, carry rainwa- 
ter from the surface of the floating roof deck to the outside of 
the tank through a flexible or articulated piping system or 
through a flexible hose system located below the floating 
roof in the product space. Since product does not enter this 
closed drainage system, there is no associated evaporative 
loss. 

Two types of deck drains are currently in common use in 
open drainage systems: flush drains and overflow drains (see 
Figure 20). Flush drains have a drain opening that is flush 
with the top surface of the deck. One-inch diameter flush 
drains are typically used on noncontact internal floating roofs. 
Overflow drains consist of a drain opening that is elevated 
above the top surface of the deck. Overflow drains limit the 
maximum amount of water that can accumulate on the float- 
ing roof and are thus used to provide emergency drainage of 
rainwater from external floating roofs. They are normally 
used in conjunction with a closed drainage system. 

Some open deck drains are equipped with an insert, slitted 
fabric, or other mechanical means to reduce the evaporative 
loss, Care must be taken in the design and use of the insert to 
avoid impairment of the fitting’s drainage ability. 
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Figure 17—Gauge Float (Automatic Gauge) [12] 


8.1.4.7 Deck Legs 


Figure 21 shows a typical deck leg. To prevent damage to 
fittings located beneath the floating roof and to allow clear- 
ance for tank cleaning or repair, deck legs are provided to 
hold the floating roof at a predetermined distance above the 
tank bottom when the tank is emptied. The larger the 
diameter of the tank, the greater the number of legs 
required. Deck legs generally consist of an adjustable pipe 
leg that passes through a slightly larger diameter vertical 
pipe sleeve. Evaporative loss occurs in the annulus 
‘between the leg and its sleeve. 

The leg sleeve is attached to the deck, extending both above 
and below it. With noncontact decks, the sleeve extends into the 
liquid stock to seal off the vapor space below the deck. Pins are 
passed through holes in the sleeve and leg to permit height 
adjustment. The length of the sleeve above the floating roof 
varies, depending on its location on the roof. The sleeve height 
tends to be lower on internal floating roofs than on external 
floating roofs, in order to maximize the level to which the tank 
may be filled before the legs would contact the fixed roof. 
When EFRTs are converted to IFRTs by being retrofit with an 
aluminum dome fixed roof, the aluminum dome is often 
mounted on sidewalls above the top of the tank shell in order to 
avoid interference with the taller EFRT-type deck legs. 
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Figure 18—Gauge Hatch Sample Ports [12] 


Some deck leg designs incorporate a seal to close the annu- 
lus between the leg and its sleeve to reduce evaporative loss. 
Boots or socks, which enclose the portion of the deck leg that 
extends above the floating deck, may also be used to reduce 
evaporative loss. 

Fixed legs may be used that attach to the deck without any 
open penetrations, and thus have no associated evaporative 
loss. 

On IFRTs, hanger systems may be used, which also avoid 
the need for an open penetration of the deck. Some internal 
floating roof designs may use certain deck fittings, such as 
deck legs, that more closely resemble the construction typical 
of API Standard 650, Appendix C-type decks [3]. Judgment 
should be used in determining the appropriate loss factor for a 
specific deck fitting. 


8.1.4.8 Rim Vents 


Figure 22 shows a typical rim vent. Rim vents are normally 
supplied only on tanks equipped with a mechanical-shoe pri- 
mary seal. The rim vent is connected to the mm vapor space 
by a pipe and releases any excess pressure or vacuum that is 
present. The rim vapor space is bounded by the rim of the 
floating deck, the primary-seal shoe, the liquid surface, and 
the primary-seal fabric, as shown in Figure 22. Rim vents 
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Figure 19—Vacuum Breaker [12] 


usually consist of weighted pallets that rest on gasketed sur- 
faces. 


8.1.4.9 Ladders 


Some tanks are equipped with vertical internal ladders, 
extending from the top of the shell to the tank bottom, as 
shown in Figure 23. The deck opening through which the lad- 
der passes is constructed with design details and consider- 
ations similar to those previously discussed for column 
wells, Vertical internal ladders are typically only used on 
IFRTs. 


8.1.4.10 Unsiotted (Unperforated) Guidepoles 


Guidepoles are sometimes referred to as gaugepoles, 
gaugepipes, or stilling wells. The primary mechanical function 
of a guidepole is to prevent the floating roof from rotating as it 
rests on the stored liquid. The guidepole may also be used as an 
access to hand gauge the tank and take bottom samples. In that 
product may only enter an unslotted guidepole from the bot- 
tom, the stock within the guidepole does not exchange freely 
with the bulk contents of the tank. The composition and 
level of the liquid in the unslotted guidepole may therefore 
not be representative of the product in the tank. 

Guidepoles are mounted from the tank at points above and 
below the range of travel of the floating roof and pass through 
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Figure 20—Deck Drains [12] 


an opening, or well, in the floating-roof deck (see Figure 24). 
One type of lid that covers this opening incorporates both a 
fixed cover and a sliding cover. The fixed cover is joined to 
the top of the well and has an oblong opening oriented in the 
radial direction of the tank. The sliding cover rests on top of 
the fixed cover and has a circular opening through which the 
guidepole passes. The sliding cover is allowed to slide hori- 
zontally in a radial direction with respect to the tank shell in 
order to accommodate differences between the plumbness of 
the guidepole and the tank. A well gasket can be used 
between the fixed cover and the sliding cover to reduce evap- 
orative loss. 

The guidepole fitting can also be equipped with a gasket 
referred to as a pole wiper, located between the guidepole and 
the sliding cover, to further reduce evaporative loss. Tests 
were conducted with the pole wiper at the same elevation as 
and 6 inches above the sliding cover. The data do not support 
differentiating between pole wiper elevations [11]. 

Another evaporative loss device used on guidepoles is a 
pole sleeve that attaches to the underside of the sliding cover 
and extends downward into the product. The pole sleeve may 
be a length of pipe, the inside diameter of which is nominally 
larger than the outside diameter of the guidepole. By extend- 
ing downward from the sliding cover into the product, this 
Sleeve surrounds the guidepole, isolating it from the vapor 
space of the well. 
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Figure 21—Deck Leg [12] 


The pole wiper and pole sleeve represent new technologies 
that have not yet been in widespread use. These emission 
control devices may have the potential to introduce unfore- 
seen hazards and operating problems. The installation of a 
pole sleeve on an existing tank may require that the tank be 
degassed and cleaned, which may lead to additional emis- 
sions and safety concerns. 


8.1.4.11 Slotted (Perforated) Guidepoles 


Figure 25 shows a typical slotted (perforated) guidepole. A 
guidepole is generally located adjacent to a platform at the 
top of the tank and offers an opening through which person- 
nel may access the liquid below the floating roof. This access 
may be for the purpose of measuring the depth of the stored 
product or for obtaining product samples. When used as a 
sampling or gauging port, the guidepole typically has a series 
of perforations (slots or holes) along its length to allow prod- 
uct to flow freely through it. This mixing of the product in the 
pole is intended to ensure that the samples taken from within 
it are fairly representative of the contents of the tank. When 
perforations are limited to the portion of the guidepole below 
the lowest operating level of the floating roof, then the guide- 
pole is considered to be unslotted. 
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Figure 22—Rim Vent [12] 


The same controls described for unslotted guidepoles are 
also used with slotted guidepoles, although for certain 
configurations the limited available test data do not sup- 
port differentiation for the presence or absence of a well 
gasket [11]. 

In addition to the control devices discussed for unslotted 
guidepoles, a float is sometimes placed inside a perforated 
guidepole to reduce evaporative loss through these perfo- 
rations. The float may be equipped with a wiper seal to 
close the annulus between the float and the inside surface 
of the guidepole. 

In the absence of a pole sleeve, the float should be designed 
to reduce the flow of vapors through the perforations into the 
guidepole from the well vapor space. The float designs that 
have been tested without a pole sleeve included a wiper seal 
on the float that was mounted 1 inch above the sliding cover. 
Additional tests showed that no further reductions in emis- 
sions were achieved by positioning the float wiper at the same 
elevation as the sliding cover. 

Tests conducted with both a float and a pole sleeve 
included positioning the float wiper at the same elevation as, 
1 inch above, and 5 inches below, the sliding cover. The data 
do not support differentiating between float wiper elevations 
when a float is used with a pole sleeve [11]. 
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8.1.5 Deck Seams 


Floating decks are typically constructed by joining sheets or 
panels of deck material in the field. This may be accomplished 
by a mechanical means, such as bolting, or by welding. Decks 
with bolted seams are typically made of aluminum, whereas 
welded decks are typically made of steel plates. Deck seam 
evaporative losses are only associated with IFRTs that have 
decks with bolted seams. 


8.1.5.1 Noncontact Decks With Bolted Seams 


This deck type consists of sheet aluminum bolted to an alu- 
minum grid framework and is supported above the stock liquid 
surface by flotation devices such as sealed tubular aluminum 
pontoons. The bolted seam along the edges of the sheets forms 
a substantially tight barrier below which the stock vapor is con- 
tained in the space created by the means of deck flotation. The 
length of deck seam is determined by the width of the sheeting 
material used. The sheets often are continuous across the deck, 
except where interrupted by deck fittings. 


8.1.5.2 Contact Decks With Bolted Seams 


The most common design of this deck type consists of alu- 
minum sandwich panels, with a honeycombed aluminum 
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core, which float directly on the liquid surface. The panels are 
bolted to one another along their edges to form the deck. The 
length of deck seam is determined by the width and length of 
the panels used. 

Another design consists of panels made up of rigid foam 
enclosed in a fiberglass-reinforced polyester skin or alumi- 
num sheeting. These panels may also be bolted to form the 
deck, in a similar manner to that described above, except dif- 
ferent materials are used. 


8.1.5.3 Welded Contact Decks 


This deck type consists of steel plates that are welded 
together along their edges to form a deck. Welded construc- 
tion is considered to result in a deck that has no associated 
evaporative loss at the seams. All decks designed in accor- 
dance with API Standard 650, Appendix C [3] are of welded 
construction, and thus neither EFRTs nor CFRTs are consid- 
ered to have deck seam losses. The steel-pan type of internal 
floating roof is also of welded construction. 


8.1.5.4 Other Deck Designs 


Floating deck designs other than the most common designs 
discussed above are also available. One example is a contact 
deck with panels joined by adhesion and a continuous fiber- 
glass-reinforced laminate. The panels are made of rigid foam 
enclosed in a fiberglass-reinforced polyester skin. No infor- 
mation is currently available on the evaporative loss charac- 
teristics of this type of adhesively joined deck. 


8.2 TYPES OF FLOATING-ROOF TANKS 
8.2.1 External Floating-Roof Tanks 


The (EFRTs) do not have a fixed roof at the top of the shell, 
and the floating deck is therefore exposed to environmental 
loadings such as rainfall. The floating deck is typically con- 
structed of welded steel plate. Minimum requirements for the 
design of external floating roofs are given in API Standard 
650, Appendix C [3]. 

There are three general types of deck design in common 
usage for external floating roofs: (a) pan, (b) pontoon, and (c) 
double-deck. Although numerous pan-type floating roofs are 
currently in use, the present trend is toward pontoon and dou- 
ble-deck floating roofs. Figures 7 and 8 show an EFRT with a 
pontoon floating roof and a double-deck floating roof, respec-- 
tively. 

While most of the various rim seal designs are in usage on 
external floating roofs, the primary seal types in most com- 
mon usage are the mechanical shoe and resilient filled. When 
floating roofs that have a resilient-filled primary seal are not 
equipped with a secondary seal, most are furnished with 
weather shields, as shown in Figure 12. Weather shields are 
usually of a leaf-type construction and have numerous radial 
joints to allow for movement of the floating roof and irregu- 
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Figure 24—-Unslotted (Unperforated) Guidepole [12] 


larities in the tank shell. Weather shields may be of metallic, 
elastomeric, or composite construction. They are normally 
attached to the floating roof with either a mechanical or a pli- 
able-hinge connection. Weather shields generally provide the 
primary seal with a longer life by protecting the primary seal 
fabric from deterioration due to exposure to weather, debris, 
and sunlight. 

Deck fittings on extemal floating roofs are typically of 
steel construction and are generally of heavier construction 
than those used on internal floating roofs. These fittings tend 
to have relatively tall housings or curbs. This is to minimize 
the potential for accumulated rainwater to empty from the 
deck into the stored liquid through the fitting penetration. 

Manufacturers supply various versions of these basic types 
of external floating roofs, which are tailored to emphasize 
particular features, such as full liquid contact, load-carrying 
capacity, roof stability, or pontoon arrangement. 


8.2.2 Internal Floating-Roof Tanks 


The IFRTs have a fixed roof (see Figure 9) at the top of 
the shell and a lightweight deck floating on the surface of 
the liquid stock. Minimum requirements for the design of 
internal floating roofs are given in API Standard 650, 
Appendix H [3]. 


Copyright por American Petroleum Institute ~ 
Wed Feb 09 16:29:18 2005 


The use of an internal floating deck will reduce the concen- 
tration of hydrocarbon vapor in the vapor space between the 
floating deck and the fixed roof from that which would occur in 
a fixed-roof tank. Without sufficient ventilation, this may result 
in the occurrence of flammable vapor-air mixtures within the 
tank vapor space. To minimize the occurrence of flammable 
vapor-air mixtures in the tank vapor space, vents are installed at 
the top of the tank shell or in the fixed roof to permit circulation 
of air through the vapor space between the fixed roof and the 
floating deck. API Standard 650, Appendix H, specifies the 
use of such vents and outlines design details for the storage 
of petroleum liquids. Such tanks are referred to as freely 
vented IFRTs and are those for which the loss-estimating 
equations in Section 4 are applicable. 

Closed IFRTs refer to those that are vented only through a 
pressure/vacuum relief vent. Such tanks are sometimes used 
in chemical liquid service and in petroleum service where 
API Standard 650 is not used. These tanks are typically 
designed with auxiliary safety devices, as specified by the 
user. The loss-estimating equations in Section 4 are not appli- 
cable to closed internal floating-roof tanks. 

There are three general types of deck design in common 
usage for internal floating roofs: (a) aluminum noncontact 
decks with bolted deck seams; (b) aluminum contact decks 
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with bolted deck seams; and (c) steel pan-type decks with 
welded deck seams. 

The basic types of primary rim seal in most common usage 
on internal floating roofs are the flexible-wiper and the resil- 
ient-filled. Mechanical-shoe seals have also been developed 
for internal floating roofs in recent years. 

Deck fittings for internal floating roofs, whether of alumi- 
num or steel construction, are typically of a different configu- 
ration than is generally used for external floating roof 
decks. Rather than having tall housings to avoid rainwater 
entry, internal floating roof deck fittings tend to have 
lower profile housings to minimize the potential for the 
deck fitting to contact the fixed roof when the tank is 
filled. 

Manufacturers supply various versions of these basic types 
of internal floating roofs, which are tailored to emphasize par- 
ticular features, such as full liquid contact, deck seam design, 
or pontoon arrangement. 


8.2.3 Covered Floating-Roof Tanks 


The CFRTs have the heavier type of floating deck that is 
used in EFRTs, as well as a fixed roof at the top of the shell 
(see Figure 10). The CFRTs typically result from retrofitting 
an EFRT with a fixed roof. This effectively converts the 
EFRT to an IFRT, while retaining the heavier external-type of 
floating roof design. A CFRT is subject to the same venting 
requirements as an IFRT, in accordance with API Standard 
650, Appendix H [3]. As with IFRTs, the functionality of the 
fixed roof with respect to evaporative loss is not to act as a 
vapor barrier, but rather to block the wind. 

While CFRTs are typically the result of converting an 
existing EFRT, a new tank can be built as a CFRT by supply- 
ing a floating roof built in accordance with API Standard 650, 
Appendix C [3], and including a fixed roof at the top of the 
shell. 

The type of fixed roof that is most commonly used as a ret- 
rofit cover for EFRTs is the self-supporting aluminum dome 
roof, which is of bolted construction. Minimum requirements 
for the design of aluminum dome roofs, both for new con- 
struction and retrofit applications, are given in API Standard 
650, Appendix G [3]. 

The CFRT designation is dependent on the floating roof 
being of the external floating roof type. In the event that the 
floating deck is replaced with the lighter API Standard 650, 
Appendix H-type of internal floating roof, the tank would 
then be designated an IFRT. 


9 Details of Loss Analysis 
9.1 INTRODUCTION 


From 1976 through 1979, extensive tests [13-21] were 
conducted to determine losses from EFRTs with various rim- 
seal systems. Losses were measured in a floating-roof test 
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tank, 20 feet in diameter, equipped with a removable fixed 
roof, The test tank was designed and instrumented to study 
the independent effects of different rim-seal systems and their 
tightness, product types and vapor pressures, rim-space tem- 
peratures, atmospheric pressures, and ambient wind speeds 
on evaporative loss. Losses were measured directly by moni- 
toring both the air flow rate induced over the floating roof and 
the hydrocarbon concentration in the inlet and outlet air, 
using an air velometer and a flame-ionization type of hydro- 
carbon analyzer, respectively. 

To examine the effects of varying tank diameter and field 
conditions, losses were measured (22, 23] in external float- 
ing-roof field tanks. Losses from the field tanks were deter- 
mined indirectly by measuring the change in liquid density 
over a long time period. Extensive work was performed [24— 
26] that demonstrated an approximate equivalence of the 
direct and indirect techniques for measuring evaporative loss. 
The test-tank and field-tank data were related by comparative 
studies of the test conditions. 

Additional testing included measurement of losses from 
product clingage to the tank shell (using a test apparatus) (26, 
27), laboratory and field investigations of wind-induced pres- 
sure differentials [20, 21], thermal mixing of tank contents [22], 
and surveys of the field condition of existing rim seals [28]. 

From 1980 through 1982, extensive testing [29] was con- 
ducted to determine losses from IFRTs with various deck, rim 
seal, and deck fitting types. Losses were measured in the 20- 
foot diameter test tank, which had previously [13-21] been 
used in API’s study of evaporative losses from EFRTs. 

To examine the effects of varying tank diameter and field 
conditions, losses were measured [22] in an internal floating- 
roof field tank in 1978, in conjunction with API’s previous 
field study on EFRTs. Losses from the field tank were deter- 
mined indirectly by measuring the liquid density change over 
a long time period. Extensive work done during the previous 
study [24-26] demonstrated the approximate equivalence of 
the direct and indirect evaporative loss measurement tech- 
niques. Therefore, the test-tank data and the field-tank data 
can be related by comparative studies of the test conditions. 

Additional testing [29] included measuring losses from a 
large variety of general types of internal floating-roof deck 
fittings using a bench-scale test apparatus, which can be 
related to the deck fitting losses measured in the test tank. 
Laboratory tests [29] were conducted to examine the evapora- 
tive properties of various product types and the permeability 
of these products through sealing materials used in the test 
tank program. Field tests were also conducted to measure the 
air velocity inside several field tanks. 

From 1984 through 1985, evaporative loss tests (30-31] 
were performed on a large variety of general types of exter- 
nal floating-roof deck fittings. These tests were conducted 
using a bench-scale test apparatus that incorporated a wind 
tunnel to simulate ambient wind effects and measured mass 
loss over time. 
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From 1991 through 1995, a similar test program [32-34] 
was conducted on improved control devices for these same 
external floating-roof deck fittings. In addition to the wind 
tunnel] tests, evaporative loss tests were performed on the 
external floating-roof deck fittings at a very low wind speed 
(referred to as zero miles per hour), again measuring mass 
loss over time to provide loss factor data under covered float- 
ing roof conditions. The actual wind speed is not truly zero in 
either field or test lab conditions, but is sufficiently low so as 
to have no significant effect on the rate of loss [2]. 

Additional testing included laboratory [35] and field inves- 
tigations of wind velocities on external floating-roof decks as 
a function of ambient wind speed and deck height and sur- 
veys of liquid levels in field tanks. Data from these test pro- 
grams were used to develop a fitting wind-speed correction 
factor [36-37]. 

All of the work described above was considered in the 
development of the loss-estimation methods and factors 
described in Section 4 through Section 6. 


9.2 LOSS MECHANISMS 
9.2.1 General 


Every liquid stock has a finite vapor pressure, dependent 
on the surface temperature and composition of the liquid, that 
produces a tendency for the liquid to evaporate. Through 
evaporation, all liquids tend to establish an equilibrium con- 
centration of vapors above the liquid surface. Under com- 
pletely static conditions, an equilibrium vapor concentration 
would be established, after which no further evaporation 
would occur. However, floating-roof tanks are exposed to 
dynamic conditions that disturb this equilibrium, leading to 
additional evaporation. These dynamic conditions are respon- 
sible for continued evaporation, which results in stock loss 
and atmospheric emissions. 

Evaporative losses from EFRTs primarily occur during 
standing storage and are influenced significantly by ambient 
wind at the tank site. Sources of standing storage loss include 
the rim-seal system and fitting penetrations through the float- 
ing-roof deck. Relatively minor losses result from evapora- 
tion of liquid that clings to the tank shell as stock is 
withdrawn from the tank. 

For freely vented IFRTs, the primary dynamic factor that 
promotes evaporation was thought to be the air movement 
through the vapor space between the floating deck and fixed 
roof, either as a result of external wind or ambient tempera- 
ture changes. Diffusion within the tank was also thought to 
be a contributing factor. To determine the effect that varying 
air movement through the tank has on evaporative loss, tests 
[29] in the test tank were conducted over a wide range of air 
flow rates. The flow rates used in the test program equate to 
ambient wind speeds of up to approximately 35 miles per 
hour, based on estimations from wind tunnel test data [38, 
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39]. The air flow rates tested were judged to simulate the full 
range of air movement occurring within freely vented IFRTs. 

When the results from each test were statistically analyzed 
to determine the effect of varying the air-flow rate over the 
tested range, it was found that there were was no statistically 
significant change in the amount of evaporative loss as the 
air-flow rate was varied. As a result, air-flow rate, and thus 
ambient wind speed and ambient temperature changes, are 
not significant parameters in the evaporative loss equation for 
freely vented IFRTs. 

No tests were conducted simulating the conditions associ- 
ated with IFRTs that are vented only through a pressure/vac- 
uum relief vent. These closed tanks are not generally used in 
the United States for petroleum liquid storage, but are some- 
times used in the United States in the chemical industry and 
are known to be used for petroleum and chemical liquid stor- 
age in some areas outside of the United States. Although a 
smaller volume of vapor may be emitted from a closed tank 
compared with a freely vented tank, the hydrocarbon concen- 
tration in the vapor will generally be higher. These compet- 
ing effects make it difficult to estimate, from currently 
available data, the relationship between evaporative losses 
from freely vented and closed IFRTs. 

As with EFRTs, evaporative losses from IFRTs primarily 
occur during standing storage, with an additional contribu- 
tion from withdrawal losses. In addition to the rim-seal 
area and deck fitting penetrations, sources of standing 
storage loss from IFRTs include bolted seams in the 
floating deck. 

The CFRTs have the type of floating roof that is character- 
istic of EFRTs but, having freely vented fixed roofs, the effect 
of ambient wind speed is not a parameter in the evaporative 
loss equation for these tanks. The CFRTs, then, have the 
same form of evaporative loss equation as IFRTs, but applied 
to the construction details of an external-type of floating roof, 
and, thus have no deck seam losses. 


9.2.2 Rim-Seal Loss 


The mechanisms of vapor loss from the nm seal are com- 
plex. However, wind has been found to be the dominant factor 
in inducing rim-seal vapor losses from EFRTs. Wind tunnel 
tests (35, 40-41] have shown that the air that flows up and over 
the top of an EFRT produces a low-pressure zone above the 
floating roof on the upwind side of the tank. This results in air 
from the downwind side of the floating roof moving around the 
circumference of the floating roof above the rim seal. A steady 
wind thus establishes pressure differentials across the floating 
roof, with higher pressures on the downwind side and lower 
pressures on the upwind side. (Characterization of the wind- 
induced pressure differentials provided a means of converting 
air flow rates through the test tank into equivalent wind speeds 
for EFRTs, as discussed in Appendix B.) 
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The differential pressure and air flow patterns established 
across an external floating roof are responsible for wind- 
induced losses in two basic ways. In one case, the pressure 
differentials cause air to enter any continuous rim vapor space 
beneath the rim seal on the downwind side of the floating 
roof. This air then flows circumferentially through the rim 
vapor space, flushing an air-hydrocarbon mixture out past the 
rim seal on the upwind (low-pressure) side of the floating 
roof, This action reduces the hydrocarbon concentration in 
the rim vapor space, so more liquid evaporates to reestablish 
more nearly equilibrium conditions. The magnitude of this 
wind-induced loss depends on the tightness of the rim-seal 
system and the presence of any gaps between the rim seal and 
the tank shell. 

If no continuous rim vapor space exists between the rim 
seal and the liquid, the air flow pattern described above does 
not apply. In this case, the wind flowing above the rim seal 
produces turbulence in the air that is present in any gaps 
between the rim seal and the tank shell. This turbulence 
causes fresh air to mix with the bydrocarbon vapor within the 
gap, resulting in a reduction in the hydrocarbon concentration 
within the gap and causing more liquid to evaporate to rees- 
tablish more nearly equilibrium conditions. The magnitude of 
this wind-induced loss depends on the area of the rim-seal 
gap and the depth of the vertical contact area between the rim 
seal and tank shell. This mechanism can also contribute to 
losses from rim-seal systems that have a continuous rim 
vapor space. In general, lower wind-induced losses occur 
from rim seals with small gaps and from those with a large 
vertical contact area between the rim seal and the tank shell. 

To a small extent, the wind-induced evaporative losses may 
be a function of the height of the floating roof in the tank. 
However, for operating field tanks, this loss variation is not 
considered significant. 

Other potential loss mechanisms include the expansion of 
gas in the rim vapor space attributable to changes in tempera- 
ture, pressure, or both (that is, breathing) and the varying sol- 
ubility of gases, such as air, in the rim-space liquid as a 
function of temperature and pressure. 

Breathing in the rim vapor space can occur as the pressure 
or temperature (or both) of the rim vapor changes. As the 
vapor temperature increases or the barometric pressure 
decreases, an air-hydrocarbon mixture can be expelled from 
the rim vapor space. As the vapor temperature decreases or 
the barometric pressure increases, fresh air can be drawn into 
the rim vapor space. This causes further evaporation and can 
also result in vapor being expelled from the rim vapor space. 
The degree to which the vapor is contained in or expelled 
from the rim vapor space during temperature and pressure 
changes is a function of the tightness of the rim-seal system 
and the pressure and vacuum settings of any rim vents on the 
floating roof. 

Changes in the temperature of the liquid in the rim space or 
the barometric pressure can cause air to dissolve in or be 
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evolved from the liquid. As the liquid temperature increases 
or the barometric pressure decreases (or both), the air solubil- 
ity generally decreases and air evolves from the liquid in the 
rim space. As air leaves the liquid, it carries with it some 
hydrocarbon vapor. 

Other possible loss mechanisms include permeation of the 
sealing fabric by vapor and wicking of the liquid in the rim 
space up the tank shell into contact with the air above the rim 
seal. 

The standing storage rim-seal loss factors presented for 
wind-dependent rim-seal losses from EFRTs were developed 
by averaging tests in which some or all of these loss mecha- 
nisms occurred. 

For EFRTs, wind-generated air movement across the float- 
ing roof was the dominant factor affecting rim-seal loss. In 
comparison, for freely vented IFRTs (and CFRTs), in which 
the air movement is significantly reduced from ambient wind 
speed, no clearly dominant loss mechanism could be discerned. 
Nevertheless, the test program was designed so that the com- 
bined effects of all of the mechanisms would be measured. 
Therefore, although no conclusion can be drawn as to the dom- 
inant rim-sea] area loss mechanism for IFRTs and CFRTs, 
all of the loss mechanisms are accounted for in the rim-seal 
loss equation and rim-seal loss factors given in 5.2.1. 

Vapor permeability was the only potential rim-seal area 
loss mechanism that could be investigated independently. 
Seal fabrics are generally reported to have very low perme- 
ability to typical hydrocarbon vapors, so this source of loss is 
not considered significant. However, if a seal material is used 
that is highly permeable to the vapor from the stored stock, 
the rim-seal loss could be significantly higher than that esti- 
mated from the rim-seal loss factors in 5.2.1. 


9.2.3 Deck-Fitting Loss 


Fittings that penetrate the floating-roof deck are potential 
sources of loss because they can require openings that allow 
stock vapors to flow from the stored liquid to the atmosphere 
above the floating roof. Although such openings are routinely 
sealed, the design details of deck fittings generally preclude the 
use of a completely vapor-tight seal. As a result, some of the 
mechanisms discussed in 9.2.2 for rim-seal losses can cause 
losses from deck-fitting penetrations. These mechanisms 
include vertical mixing, resulting from diffusion or air turbu- 
lence, of vapor through any gaps between the deck-fitting seal 
and the fitting; expansion of any vapor spaces directly below 
the fitting seal, resulting from temperature and pressure 
changes; varying solubility of gases in the liquid directly 
below the fitting seal; wicking of liquid up the deck fitting; 
and permeation of any fitting seal or gasket by vapor. 

The extent to which any one of these mechanisms contrib- 
utes to the total deck-fitting loss is not known. The relative 
importance of the various mechanisms probably depends on 
the type of deck fitting and the design of the fitting seal. Never- 
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theless, the deck-fitting loss factors in 5.2.2 account for the 
combined effects of all of these mechanisms. 


92.4 Deck-Seam Loss 


Floating decks are typically made by joining several sections 
of deck material together, resulting in seams and joints in the 
deck. This may be accomplished by a mechanical means, such 
as bolting, or by welding. To the extent that these seams are not 
completely vapor tight, they become a source of evaporative 
loss. Deck-seam evaporative losses are only associated with 
IFRTs that have decks with bolted seams. Generally the same 
loss mechanisms discussed in 9.2.3 for deck fittings may apply 
to deck seams. 

As in the case of deck fittings, the relative importance of 
each of the loss mechanisms is not known. Different mecha- 
nisms probably predominate, depending on whether or not the 
deck is in contact with the stored liquid. Nevertheless, the 
deck-seam loss factors in 5.2.3 account for the measured effect 
of all contributing loss mechanisms. 


9.2.5 Withdrawal Loss 


As the floating roof descends dunng stock withdrawal, some 
of the liquid stock clings to the inside surface of the tank shell 
(and fixed-roof support columns, if any) and is exposed to the 
atmosphere. To the extent that this clingage evaporates before 
the exposed shell area is again covered by the ascending float- 
ing roof during a subsequent filling, evaporative loss results. 

The rim-seal, deck-fitting, and deck-seam evaporative losses 
are components of the standing storage loss, which addresses 
evaporative loss originating at the surface of the stored liquid. 
Withdrawal loss, however, pertains only to wetted portions of 
the tank that become exposed as the floating roof descends dur- 
ing withdrawal of the stored liquid. 


9.3 DATABASE FOR LOSS CORRELATIONS 


9.3.1 Standing Storage Loss Data 


Of the test-tank data [13-21] for EFRTs, 106 data sets had 
information relevant to an evaluation of the effects of tank 
construction and type of rim-seal system, wind speed, stock 
vapor pressure, and product type on the standing storage loss. 
Of these data sets, 44 could be used directly in the develop- 
ment of the rim-seal loss factors. Although the test tank was 
welded, some of the tests performed covered the gap-area 
ranges observed for rim seals in riveted tanks. The types of 
external floating-roof rim-seal systems that were used in these 
tests are listed below. These systems represent the vast major- 
ity of those currently in use. 


a. Mechanical-shoe seal: 
1. Primary only. 
2. Shoe-mounted secondary. 
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3. Rim-mounted secondary. 

b. Liquid-mounted resilient-filled seal: 
1. Primary only. 
2. Weather shield. 
3. Rim-mounted secondary. 

c. Vapor-mounted resilient-filled seal: 
1. Primary only. 
2. Rim-mounted secondary. 


During the external floating-roof tests conducted in the test 
tank, the air flow rate was varied to simulate equivalent wind 
speeds of 2 to 15 miles per hour. The stock true vapor pres- 
sure was varied from 0.75 to 9.25 pounds per square inch 
absolute. The stock liquid used in most tests was a mixture of 
normal octane and propane. 

To evaluate the losses from various types of external float- 
ing-roof deck fittings, data [30—31] from 52 bench-scale wind 
tunnel tests were evaluated in the first series of tests (1984~ 
1985). During these tests, the stock true vapor pressure 
ranged from 1.3 to 8.4 pounds per square inch absolute, and 
the air flow rate was varied to simulate wind speeds of 5 to 14 
miles per hour. Most of the tests were conducted with normal 
hexane, but mixtures of normal octane and propane were also 
used. In addition, survey information on the number of vari- 
ous types of deck fittings typically used as a function of tank 
diameter was compiled and evaluated. 

To determine the effect of EFRT diameter on standing stor- 
age loss, data [22, 23, 42] from a total of 16 field tanks were 
evaluated. Losses from three of these tanks (22, 23], which 
ranged in diameter from 35 to 152 feet, were precisely mea- 
sured; and extensive supporting data on tank construction, 
tim-seal system, and ambient conditions were collected. The 
other 13 field-tank tests [42] used slightly less precise 
instrumentation and included somewhat less complete data 
on the field tanks, which ranged in diameter from 55 to 
153 feet. 

To relate test-tank rim-seal conditions to actual field-tank 
rim-seal conditions of EFRTs, data [28] from more than 400 
measurements of field-tank rim-seal gap areas were analyzed. 
This analysis determined the frequency of occurrence of vari- 
ous ranges of rim-seal gap areas in operating external float- 
ing-roof field tanks. 

Additional data [6] that were analyzed included tank tem- 
perature data to determine the effects of paint color on stock 
liquid temperature relative to ambient temperatures. Several 
loss-measurement tests [24, 26] were conducted with gaso- 
line and crude oil in the test tank. Data from these tests were 
used to develop the product factors. In addition, vapor sam- 
ples from both gasoline and crude oil stocks were analyzed; 
and these showed a large range of hydrocarbon components, 
including methane and ethane. 

The second series of tests {1 1, 32-34] on external floating- 
roof deck fittings (1991-1995) evaluated data from over 200 
bench-scale tests in the wind tunnel. The air-flow rate was 
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varied during these tests to simulate wind speeds of 4.3, 8.5, 
and 11.9 miles per hour. These tests were conducted with nor- 
mal hexane. 

To relate the speed of air moving across the deck of an exter- 
nal floating roof to ambient wind speed at the tank site, data 
[35] were evaluated from wind tunnel studies of scale model 
tanks. Three tank diameters were modeled (48, 100, and 200 
feet) at three different floating roof heights. Wind speed data 
from 28 locations on these floating roofs were evaluated. These 
data [36] were related to field-tank data from two EFRTs that 
were instrumented and continuously monitored for a period of 
about one year. In addition, data [36] on the liquid heights of 
numerous field tanks were evaluated. 

To determine loss rates for these deck fittings when used in 
CFRTs, an additional 31 tests [11, 32-34] were evaluated at a 
wind speed of zero miles per hour. 

Of the internal floating-roof tests [29] conducted in the test 
tank, 72 tests had information relevant to an evaluation of the 
effects of deck and rim-seal system type, stock vapor pres- 
sure, and product type on standing storage loss. The types of 
internal floating-roof decks and rim-seal systems that were 
used in these tests are listed below. These systems represent 
the vast majority of those currently in use. 


a. Bolted, noncontact aluminum deck: 
1. Vapor-mounted, flexible-wiper primary seal. 
2. Flexible-wiper secondary seal. 

b. Welded, contact steel deck: 
1. Liquid-mounted, resilient, foam-filled primary seal. 
2. Flexible-wiper secondary seal. 

c. Bolted, contact aluminum deck: 
1. Vapor-mounted, resilient, foam-filled primary seal. 
2. Resilient, foam-filled secondary seal. 


During the internal floating-roof tests conducted in the test 
tank, the air-flow rate was varied from an equivalent wind 
speed of approximately 3 to 35 miles per hour. The stock true 
vapor pressure was varied from approximately 0.25 to 7.0 
pounds per square inch absolute. The molecular weight of the 
vapor ranged from approximately 46 to 112 pounds per 
pound-mole. The stock liquid used in most tests was a mix- 

‘ture of normal octane and propane, but pure normal hexane 
and pure normal octane were also tested. 

To evaluate the losses from various types of internal floating- 
roof deck fittings, data from 14 bench-scale tests [29] were 
evaluated. During these tests the stock true vapor pressure 
ranged from approximately 2 to 7 pounds per square inch abso- 
lute. Most of the tests were conducted on normal hexane, but 
mixtures of normal octane and propane were also tested. 

To determine the effects of tank diameter on standing stor- 
age loss, data from several different sources were used. Rim- 
seal losses from the 20-foot-diameter test tank [29] and a 
100-foot-diameter field tank [22] were compared. Survey 
information on the number of various types of deck fit- 
tings typically used as a function of tank diameter was 
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compiled and evaluated. Measurements and estimations 
were made to relate the typical length of deck seams to 
tank diameter. 

To relate the specific rim-seal conditions evaluated in the 
test tank to an average seal condition, representative of a typi- 
cal operating field tank, data [28] from measurements of 
field-tank seal gap areas were used. These data were previ- 
ously compiled and analyzed as part of API’s EFRT test pro- 
gram. The data provide information on the frequency of 
occurrence of various ranges of seal gap areas in external 
floating-roof field tanks. In the absence of seal gap data spe- 
cific to IFRTs, these data were assumed to be applicable to 
internal floating-roof field tanks. 


9.3.2 Withdrawal Loss Data 


Tests (26, 27] were conducted to determine the amount of 
liquid that clings to steel test plates as the test plates are 
drawn out of a stock liquid. These data were analyzed to 
develop clingage factors for gasoline and crude oil. 


9.4 DEVELOPMENT OF STANDING STORAGE 
LOSS CORRELATION 


9.4.1 General 


The important parameters that affect standing storage loss 
were identified and separately evaluated to determine their 
independent effects on the total loss. These parameters 
include: the type and condition of the rim-seal system (K,., 
Ky. ", F,); wind speed (V); tank diameter (D); the type, num- 
ber, and general design of the deck fittings (Ky,, Ky, mm, Np. 
F,); fitting wind-speed correction factor (K,); deck seam con- 
struction (K,, Sy, F4); stock vapor pressure (P); and type of 
stock (K,). The methods used to develop the functional loss 
relationships involving these parameters are outlined in 9.4.2 
through 9.4.8. The appendixes are referenced for more 
detailed discussions of some of the parameters. 


9.4.2 Rim-Seal Loss Factors 


As discussed in Appendix B, a regression analysis was 
used to develop equations to convert the air-flow rate in the 
test tank to the equivalent wind speed across an external float- 
ing-roof field tank. An analysis [43] of the test-tank data indi- 
cated that straight-line plots are obtained when the logarithm 
of the net losses, after subtracting the zero wind speed value, 
is plotted against the logarithm of the wind speeds. Therefore, 
loss, L, is related to wind speed, V, by an equation of the fol- 
lowing general form: 


L=K,+K,V" 
Where: 


K,, Ky, 1 = constants for a given rim-seal system and 
condition. 
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For IFRTs and CFRTs, V = 0, and the above equation 
becomes: 


L=K, 


By regression analysis [43] of the external floating roof 
test-tank data, values of K,, K, and n were estimated for each 
rim-seal system, as discussed in Appendix A. By considering 
the vapor pressure, vapor molecular weight, and test-tank 
diameter, the rim-seal loss factors K,,, K,, and n were deter- 
mined. 

It should be noted that 5.2.1 recommends the use of wind- 
speed data from local weather stations, including local airport 
weather stations, if tank-site wind-speed data are not avail- 
able. During two of the field-tank testing programs [22, 23], 
National Weather Service wind-speed data were collected 
from the nearest airport and compared with wind speeds mea- 
sured at the tanks. Tank wind speeds were expected to exceed 
the National Weather Service data, since the former measure- 
ments were made at greater distances above ground level. In 
all cases, however, tank wind speeds were lower than the 
National Weather Service data. For the four tank sites 
checked, tank wind speeds averaged about 50 percent of the 
wind speeds obtained from local airports. Airports are gener- 
ally large flat areas; tank farms are characterized by local 
roughness caused by tanks, dikes, buildings, and other 
obstructions. These tank farm features contribute to turbu- 
lence that could conceivably decrease the local effective hori- 
zontal wind component, but the data were too limited to 
develop general conclusions. However, the data indicate that 
use of wind-speed data from local airports will generally pro- 
vide conservative loss estimates. Estimated losses based on 
airport wind-speed data will generally be higher than those 
estimated using wind-speed data from the tank site. 


9.4.3 Tank Diameter 


The dependence of evaporative loss on tank diameter, D, 
was determined by comparing measured field-tank losses [22, 
23, 42] with predicted losses based on the test-tank data. As 
discussed in Appendix C, test-tank data for external floating 
roofs were selected that most closely matched the conditions 
for the field-tank rim-seal systems. The data from these tests 
were used to predict expected field-tank losses as a function 
of the tank diameter raised to a variable exponent. The pre- 
dicted losses were then plotted against varying values of the 
exponent. The exponents that resulted in the predicted losses 
being equivalent to the measured losses were read directly 
from these graphs. For the three field tests of EFRTs used as 
the primary database, within the accuracy of the measured 
results, an exponent of 1 was observed. Although a similar 
analysis of the other 13 field-tank tests [42] showed signifi- 
cantly more variability, it too supported an exponent of 1. 

For IFRTs in which air movement is significantly reduced, 
a theoretical analysis [39] clearly indicated that rim-seal 
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losses are directly proportional to the length of the rim seal 
and, therefore, that losses are directly proportional to the tank 
diameter. To further substantiate this result for IFRTs, mea- 
sured losses from the 20-foot-diameter test tank [29] and a 
100-foot-diameter field tank [22] were analyzed to compare 
directly the rim-seal area losses. This comparison confirmed 
that rim-seal losses are directly proportional to tank diameter. 


9.4.4 Deck-Fitting Loss Factors 


As described in Appendix D, losses from various types and 
designs of deck fittings were directly measured [30-34] on a 
bench-scale test apparatus that used a wind tunnel to simulate 
the ambient wind speed at an EFRT site, and a zero mile per 
hour wind speed condition to simulate IFRT and CFRTs. 
Using the bench-test apparatus, losses were determined by 
measuring the loss of liquid stock weight over time. These 
data were analyzed to obtain the deck-fitting loss factors K,,, 
K,,, and m, for each fitting type. 

For those fittings where an accessory penetrated a well 
cover (for example, guidepole, support column, automatic 
gauge float, etc.), the tests were conducted with a gap of 
approximately 4% inch between the accessory and the edge of 
the opening in the cover, unless the fitting description 
included a wiper gasket to seal that gap. 

The loss factors are applicable to average ambient wind 
speeds from zero to 15 miles per hour, which are factored to 
the corresponding wind speed across the deck of the floating 
roof by applying the fitting wind-speed correction factor K, 
(36). 

Survey information from manufacturers was compiled to 
determine typical values for the number of each type of deck 
fitting generally installed, N;,, as a function of tank diameter. 

To arrive at a total deck-fitting loss factor, F;, for a given 
tank, deck-fitting loss factors K;,, Ky), and m can be combined 
either with information on the specific number of each deck- 
fitting type included in the tank under consideration or with 
typical N, values. 


9.4.5 Deck-Seam Loss Factors 


Losses from two general types of floating decks (decks 
with bolted seams and welded decks) were measured [29] in 
the test tank by sealing off all other sources of loss. The decks 
were of commercial design, in conditions representative of 
properly maintained decks. No losses were attributed to the 
welded deck, assuming generally recognized welding stan- 
dards. Two bolted decks with different deck seam construc- 
tion details were tested; one was a contact deck and the other 
was a noncontact deck. The losses measured from the two 
bolted decks were of the same order of magnitude when esti- 
mated on a loss per length of seam basis. The results were 
averaged to develop a general deck-seam loss factor, relative 
to seam length, K,, for decks with bolted seams. 
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Typical deck-seam length factors, Sy, were estimated based 
on survey information of commonly used deck construction 
designs. 

The approach used to analyze the bolted deck loss data is 
consistent with assuming that the deck losses are directly pro- 
portional to the length of the deck seams. (That is, the losses 
occur continuously or from discrete, localized points distrib- 
uted along the entire length of the deck seam.) This assump- 
tion leads to the deck seam losses being proportional to the 
square of the deck diameter, since deck seam length increases 
as a function of the area of the deck. Because the deck diame- 
ter is only slightly smaller than the tank diameter, D, the deck 
area was assumed to be approximately proportional to tank 
diameter squared, D*, To the extent that losses from some 
specific proprietary deck designs may originate from joints or 
seam details that are not proportional to deck seam length, 
this assumption may result in an over-estimate of the increase 
in deck losses with increasing tank size. Since an analysis of 
specific proprietary equipment is beyond the scope of this 
publication, this conservative assumption (potentially over- 
estimating deck-seam loss) was judged to be the most reason- 
able basis for determining one general loss factor for all 
bolted deck seams. 


9.4.6 Vapor Pressure Function 


As detailed in Appendix E, test-tank data [16] in which the 
only variable was stock true vapor pressure were analyzed to 
determine how the standing storage loss varies with vapor 
pressure, P. Two proposed [44] functional relationships were 
tested by correlation analysis techniques. Both functions were 
found to correlate about equally well with the data. However, 
one function becomes infinite as P approaches atmospheric 
pressure P,, and the other does not. Therefore, the latter func- 
tion P* (as defined in 5.3.1), was selected to determine the 
effect of stock true vapor pressure on standing storage loss. 


9.4.7 Product Factors 


A product factor, K,, was included in the equation for 
standing storage loss to account for the effects of different 
types of liquid stocks on evaporative loss. These effects (such 
as weathering) are in addition to those accounted for by con- 
sideration of differences in stock true vapor pressure and 
vapor molecular weight. Since the loss equation was devel- 
oped primarily from tests of mixtures of normal octane and 
propane, the product factors quantify the relative loss from a 
given stock type, compared with the loss from mixtures of 
normal octane and propane. 

Tests [24, 26] were performed in the test tank to compare 
mixtures of normal octane and propane with both a midconti- 
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nent crude oil and gasoline. As a first approximation, it was 
assumed that the only differences would be the vapor pres- 
sure, P, and the molecular weight of the emitted vapors, M, 
However, after the data were normalized for these factors, the 
losses from crude oil were observed to be consistently less 
than those from the mixtures of normal octane and propane at 
all wind speeds, whereas the losses from gasoline were 
approximately equal to those from the mixtures of normal 
octane and propane. 

As outlined in Appendix F, an analysis of the crude oil and 
gasoline data resulted in a crude oil product factor of 0.4 and 
a gasoline product factor of 1.0. 

In a separate study, test-tank loss data for single-compo- 
nent liquids were compared to loss data for the normal octane 
and propane mixtures, resulting in a product factor of 1.0 for 
single-component stocks. 


9.4.8 Tank Paint Color 


The tank paint color influences the amount of solar heat 
absorbed and thus the average stock liquid temperature. If the 
stock liquid temperature in a floating-roof storage tank has 
been measured, this measured value should be used to esti- 
mate the stock’s true vapor pressure. In this case, no consider- 
ation of the tank paint color is needed. However, if the stock 
liquid temperature is not known, it can be estimated from the 
average ambient temperature at the tank site and the tank 
paint color, as shown in Table 16. 


9.5 DEVELOPMENT OF WITHDRAWAL LOSS 
CORRELATION 


Tests [26, 27] were conducted to determine the amount of 
stock that clings to the exposed tank wall as stock is with- 
drawn from a tank. In these tests, a lightly rusted steel test 
plate was alternately raised out of and lowered into a liquid. 
Sections of a floating-roof rim seal were placed above the 
liquid surface so that they provided a wiping action against 
the steel test plate as it was withdrawn. Measurements were 
made of the change in liquid level after many withdrawal 
cycles. These data were analyzed to estimate clingage fac- 
tors, C, for different stocks and tank shell conditions. This 
analysis is discussed in more detail in Appendix G. 

In the case of IFRTs with column-supported fixed roofs, 
the support columns provided additional surface area for 
stock clingage and were, therefore, accounted for by modify- 
ing the previously developed basic withdrawal loss correla- 
tion for EFRTs. The modified equation, given in 4.3, includes 
a term that represents the sum of the tank shell and fixed-roof 
support column surface areas. 
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A.1 Development Methodology 


The rim-seal loss factors and equation introduced in the 
Second Edition of API Publication 2517 [47] did not allow 
for a rim-seal loss factor value other than 0 at a wind speed of 
0 miles per hour (mph) and were not considered to be valid at 
wind speeds below 2 mph. The equation had a wind-depen- 
dent rim-seal loss factor and a wind-dependent rim-seal loss 
exponent. The form of equation has been modified to add a 
zero-wind-speed rim-seal loss factor, K,,, as shown in Equa- 
tion A-1: 


K, =Ky+KyV" (A-1) 
Where: 
K, = rim-seal loss factor, in pound-moles per footsyear. 
K,, = zero—wind-speed rim-seal loss factor, in pound- 
moles per foot*year. 
K,, = wind-dependent rim-seal loss factor, in pound-moles 
per (miles per hour)"*footsyear. 
V = average ambient wind speed at the tank site, in 
miles per hour. 
n = wind-dependent rim-seal loss exponent (dimension- 


less). 


" Test data from previous external floating-roof research 
[48], which are summarized in the 1981 documentation file 
for Appendix B of the Second Edition of API Publication 
2517, were evaluated in the context of Equation 11. Loss fac- 
tor values were determined for the following cases, represent- 
ing specific types of tank construction and types of primary 
rim seals: 


a. Welded tanks with (1) mechanical-shoe primary seals, (2) 
resilient-filled primary seals mounted with the rim seal in 
contact with the liquid (liquid-mounted), and (3) resilient- 
filled primary seals mounted so that a vapor space exists 
between the rim seal and the liquid surface (vapor-mounted). 
b. Riveted tanks with mechanical-shoe primary seals. 


For each of these four tank-construction/primary-rim seal 
cases, three-rim seal system configurations were included: 


a. Primary seal only. 

b, Primary seal plus shoe-mounted secondary seal (or a 
weather shield for a resilient-filled primary seal). 

c. Primary seal plus rim-mounted secondary seal. 


Two distinct computational procedures [43] were used, 
depending on the availability of information. In the first case, 
data were available for the specific combination of primary 
and secondary rim seal of interest for all gap sizes included in 
the analysis. In the second case, data were unavailable for the 
specific combination of primary and secondary seal of inter- 
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est, so secondary seal emission reductions were estimated 
from analogous configurations. Procedures used for each case 
are outlined below. 

For cases with data available for the combination of primary 
and secondary seal of interest, estimating equation coefficients 
(K,, Ky, and n) were obtained using a three-step process. The 
first two steps generated coefficients for specific gap sizes, 
while the third step averaged across the gap sizes of interest. 
However, prior to the first step, the raw data from the docu- 
mentation file were modified by replacing emission rates for 
replicate tests at the same wind speed with the average emis- 
sion rate for all replicates at that wind speed. The three steps 
used to obtain the final coefficient estimates are outlined below. 

In the first step, values of S,, (a coefficient analogous to the 
zero-wind-speed loss factor, K,,, but in units of pounds per 
day) were determined for each series of tests. Previous inter- 
nal floating-roof research [2] included testing at the zero mph 
wind speed condition, but did not include any testing of 
mechanical-shoe seals. All common rim-seal systems were 
tested in previous external floating-roof research [48], but 
only at wind speeds ranging from 2.2 to 13.1 mph. To esti- 
mate values for the zero-wind-speed coefficient, S,,, the data 
from the external floating-roof testing were regressed to zero 
mph by an iterative process. 

A starting trial value for S,, was obtained by an exponential 
curve fit routine. Using that estimate of S_,, net emission rates 
(E,.,) were calculated for each tested wind speed by subtract- 
ing S,, from the average of the measured emission rates at 
each tested wind speed. If the value of E,., obtained was less 
than zero, that test was eliminated from the analysis. A stan- 
dard least squares regression routine was then used to fit a lin- 
ear equation with the log transform of the net emission rate 
[log(E,,..)] as the dependent variable and the log transform of 
the wind speed [log(V)] as the independent variable. The esti- 
mate of S,, was then changed iteratively, and the process was 
repeated. The trial value that yielded the best fit linear equa- 
tion was assumed to be the best estimate of 5,,. 

In the second step, the linear equation of the log-trans- 
formed data from step 1 corresponding to the selected esti- 
mate of S,, was expressed in the following form, where E,,, 
and S,, have units of pounds per day rather than pound-moles 
per foot-year: 


log (Ena) = log(Sp) + nelog(V) (A-2) 


Least squares regression was used to obtain estimates of n 
and log(S,,), which was then exponentiated to obtain an esti- 
mate of S,, (analogous to K,,, the wind-dependent loss factor). 

In the third step, estimates of the percentage of tanks repre- 
sented by each gap size used in steps 1 and 2 were used to 
generate a weighted average estimating equation for each 
rim-seal configuration (see the discussion in A.2 and A.3). 
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For each gap size considered, the equations generated in steps 
1 and 2 were used to estimate emission rates in pounds per 
day at wind speeds of 0, 4, and 10 mph. Percentage weights 
were then applied, based on assumed frequency of gap sizes 
in the field, in order to obtain average emission rates in 
pounds per day at each of these wind speeds. The value 
obtained for a wind speed of 0 mph was used as the estimate 
of S,. To obtain the estimates of n and S,,, net emission rates 
were calculated by subtracting the estimate of S,, from the 
weighted average emission rates at 4 and 10 mph. The net 
emission rates estimated at these two wind speeds were log 
transformed, and a linear equation was fit to the resulting two 
points to obtain estimates of n and log(5,,), which was expo- 
nentiated to obtain an estimate of S,,. Finally, S,, and S,, were 
converted to K,, and K,,. 

For six of the primary/secondary combinations of interest, 
no test data were available. However, test data were generally 
available for all primary seals of interest with no secondary 
seal and all secondary seals of interest applied in combination 
with at least one of the primary seals. Consequently, loss fac- 
tors for the primary/secondary combinations without test data 
were developed by applying the reduction, or control effi- 
ciency, achieved by the secondary seal of interest applied in 
combination with a different type primary seal to the uncon- 
trolled emissions from the primary seal of interest. 

Two sets of rim-seal loss factors were developed for the 
different combinations of tank construction and rim-seal sys- 
tem. These two sets of rim-seal loss factors represent average- 
fitting and consistently tight-fitting rim-seal conditions. Their 
development is outlined in A.2 and A.3. 


A.2 Development and Applicability of 
Average Rim-Seal Loss Factors 


In many cases, but not all, losses were observed to increase 
as the tightness of fit of the rim seal against the tank shell 
decreased. This seal fit was characterized by the total area of 
the gap between the rim seai and the tank shell per foot of 
tank diameter. However, this measure of rim-seal tightness is 
not the only rim-seal condition that affects loss. Other condi- 
tions, such as relative location of the rim-seal gap, also affect 
loss, but these could not be quantified. Because of the effects 
of such randomly varying rim-seal conditions in field tanks, 
an explicit correlation between loss and area of the rim-seal 
gap will not exist. Therefore, to develop average rim-seal loss 
factors for each type of tank construction and rim-seal system 
described in A.1, the test-tank data selected for analysis 
included a wide range of rim-seal conditions marked by vary- 
ing rim-seal gap areas and relative rim-seal gap locations. 

In general, three categories of rim-seal gap areas were 
defined: 


a. Tight seals, with no gaps greater than 4 inch. 
b. Small gap areas, which are commonly encountered in 
operating tanks. 
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c. Large gap areas, which occur only infrequently. 


For each type of tank construction and rim-seal system, all 
of the applicable loss data in each category were averaged 
together to determine representative factors for each category. 
To determine average factors for each type of tank construc- 
tion and rim-seal system representative of a typical operating 
tank, the loss factors for each category were averaged. Cate- 
gories were averaged by weighting according to the fre- 
quency with which each category occurs in operating tanks. 

Field-tank gap measurement data [28] collected by an air 
regulatory agency were used to determine the frequency with 
which operating tanks exhibit specific rim-seal gap areas. 
Data from more than 400 tank inspections were analyzed by 
tank construction and rim-seal system. These data were inter- 
preted as an indication of the percentage of time that a typical 
operating tank will exhibit a specific gap area. Since operat- 
ing tanks generally have gap areas that vary as the roof height 
changes, no one gap area is representative of an average tank. 
A typical tank is assumed to have a range of gap areas that 
corresponds to the distribution of gap areas determined from 
the tank inspection data. 

The average rim-seal loss factors (see Table 4) are judged 
to be applicable to all typical operating tanks. These loss fac- 
tors are based on distributions of rim-seal gap areas measured 
in operating tanks between 1976 and 1977. The difference in 
rim-seal loss factors between riveted and welded tanks with 
the same rim-seal system reflects the fact that the average 
rim-seal gap area in riveted tanks is greater than that in 
welded tanks. If future design or maintenance practice causes 
a significant change in gap area distributions, these average 
loss factors could be modified accordingly. 

The average rim-seal loss factors developed are applicable 
to average ambient wind speeds from 0 to 15 miles per hour. 


A.3 Development and Applicability of 
Tight Rim-Seal Loss Factors 


From the tank inspection data, rim-seal systems are tight 
(this is, have no gaps greater than % inch) a significant per- 
centage of the time (depending on tank construction and rim- 
seal system). Loss data from tests representing only a tight 
primary-seal condition were averaged to determine the rim- 
seal loss factors for tight primary-seal systems given in Table 
4. Because the presence of small gaps in the primary seal 
below a tight secondary seal does not significantly influence 
loss, the rim-seal loss factors for tight secondary-seal systems 
given in Table 4 are based on data from both tight systems 
and those with small gaps in the primary seal under a tight 
secondary seal. 

The tight rim-seal loss factors are applicable to welded 
tanks with rim-seal systems that remain consistently tight 
throughout the range of operating roof heights. No informa- 
tion is available on the extent to which it is possible to main- 
tain consistently tight-fitting seals. 
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The tight rim-seal loss factors developed are applicable to 
average ambient wind speeds from 0 to 15 miles per hour. 


A.4_ Database for Rim-Seal Loss Factors 


Eighteen test-tank data sets [13-18] were used to develop 
the average and tight rim-seal loss factors for mechanical-shoe 
primary seals in welded tanks. In this case, the loss rate from 
primary seals did not vary with rim-seal gap area from tight- 
fitting seals to those with the rim-seal gap areas found approx- 
imately 90 percent of the time. Twenty test-tank data sets [13- 
18] were used to develop the average and tight rim-seal loss 
factors for mechanical-shoe primary seals in riveted tanks. In 
addition to variable gap areas and relative gap locations, a 
wide range of variability in the tightness of the primary-seal 
fabric is represented by the selected tests of mechanical-shoe 
primary seals for both welded and riveted tanks. 

Six test-tank data sets [19] were used to develop the loss 
factors for liquid-mounted resilient-filled primary seals, and 
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eighteen test-tank data sets [20, 21] were used to develop the 
loss factors for vapor-mounted resilient-filled seals. The 
vapor-mounted rim-seal tests were conducted with a verti- 
cal vapor space of approximately 8 inches between the 
bottom of the rim seal and the liquid stock, representing 
the upper end of the range of rim vapor space sizes typical 
of vapor-mounted seals. Loss rates should decrease as this 
vapor space becomes smaller, approaching those from liq- 
uid-mounted seals. However, the effect of rim vapor space 
size on loss rates could not be quantified with currently 
available data. 

A complete summary of the test conditions for the more 
than 100 test-tank data sets considered in the analysis of rim- 
seal loss factors is included in the documentation file for 
Appendix A. This file also includes graphs of loss rate versus 
wind speed for all the tests used to develop the rim-seal loss 
factors for each category, A summary of the field-tank inspec- 
tion data is also included. 
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APPENDIX B—DEVELOPMENT OF RIM-SEAL RELATIONSHIP BETWEEN 
AIRFLOW RATE AND WIND SPEED 


A test tank with a diameter of 20 feet was used to deter- 
mine relative evaporative-loss levels. This test tank was fitted 
with an external floating roof (minus all roof fittings) and sev- 
eral different rim-seal systems. However, unlike an external 
floating-roof tank in the field, the test tank was covered to 
allow direct loss measurements. Air was blown into the test 
tank through a duct and exited through another duct 180 
degrees from the inlet. This permitted direct measurements of 
flow rate and concentration from which losses could be calcu- 
lated. The airflow rate was varied to simulate varying wind 
speeds above an EFRT. To relate losses from the test- tank to 
those expected from field tanks, it was necessary to develop a 
relationship between the test-tank airflow rate and the corre- 
sponding wind speed at a tank site. 

The approach taken was to relate the measured [45] air- 
flow-induced pressure differentials around the perimeter of 
the test tank's floating roof to wind-induced pressure differen- 
tials that had been measured in wind-tunnel tests [40, 41] and 
on an actual field tank [20, 21]. A review of these results 
showed that the patterns of pressure differentials obtained in 
the test tank were similar to those obtained in both the wind- 
tunnel and field tests. It was therefore concluded that wind 
effects on losses from EFRTs were adequately simulated in 
the test tank. 

A series of tests was conducted in which the pressures at 
various positions around the perimeter of the floating roof 
were measured as a function of airflow rate. Using these data, 
a regression analysis was performed to relate the measured 
test-tank airflow rate to the corresponding wind speed at a 
tank site, as outlined below. 

Wind speed is related to pressure differentials by the fol- 
lowing equation: 


(P,— P,)2g 7" 
v=(2 2 | (B-1) 
(Cy, ~ CY 
Where: 
V = wind speed. 
P,—P, = differential pressure between Positions | and j 
around the perimeter of the floating roof. 
g = acceleration due to gravity. 
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C,,—C,; = difference in pressure coefficients between 
pl pi Pp 
Positions 1 and j. 

Y = specific weight of air. 


A value of 1 for C,, — C,; was determined from wind-tun- 
nel and field tests (20, 21, 41]. 

Pressures, P,, at varying circumferential positions, j, 
around the perimeter of the floating roof, relative to a refer- 
ence pressure at the leeward position on the floating roof, P,, 
were found to be related to the airflow rate, G, by the follow- 
ing equation: 


P,-P,=A,G° (B-2) 
Where: 
A; = position-dependent constant. 
G = airflow rate. 
b= airflow rate exponent. 


Values for A, and b were calculated by linear regression of 
log (P, — P;) versus log G. 

Because the data analysis supported a value of 2 for b, 
Equations B-1 and B-2 were combined to result in the fol- 
lowing relationship between the test-tank airflow rate, G, 
and the corresponding wind speed, V, at a tank site: 


V =BG (B-3) 


Where: 


B, = constant evaluated for the case where position j is 
on the windward side of the roof. 


Equation B-3 was used to calculate the wind speed that 
corresponds to the test-tank airflow rate. 

The wind-tunnel tests indicated that the pressure differen- 
tials did not vary significantly with the height of the roof in 
the tank. Since wind-induced losses are proportional to wind 
speed, and thus to the pressure differentials, these losses 
should not vary significantly with roof height. 

The mathematical analysis and all supporting data used to 
develop the relationship between airflow rate and wind speed 
are in the documentation file for Appendix B. 
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APPENDIX C—DEVELOPMENT OF DIAMETER FUNCTION 


The API correlation for estimating evaporative losses from 
floating-roof tanks in the first edition of Publication 2517 [46] 
indicated that losses are proportional to diameter raised to the 
1.5 power. However, more recent aerodynamic studies [49] of 
wind effects on tank losses concluded that the diameter expo- 
nent should be 1 (that is, that losses are directly proportional 
to tank diameter). 

To determine an empirical value for the diameter expo- 
nent, test programs were conducted to measure evaporative 
losses from field tanks that varied from 35 to 152 feet in 
diameter. The 1977-79 API field-test program is summa- 
rized (see (50]). 

Losses from the field tanks were determined by the density 
change method. Increases in stock bulk density were exam- 
ined in two tanks tested by API [22] and one tank tested inde- 
pendently [23]. The increases in stock density were related to 
the decrease in stock volume (evaporative loss) [22, 24—26]. 

Field-tank rim-seal conditions were analyzed and compared 
with the test-tank database, as described in 9.4.3. Loss predic- 
tions for the field tanks were developed from the test-tank 
data. These predictions, which incorporated the properties of 
the stock and climatic conditions at the field tanks, were used 
to evaluate the influence of tank diameter on evaporative loss. 
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Field-tank losses were calculated as a function of a variable 
exponent of tank diameter. These calculated values were plot- 
ted to determine the relationship between loss and diameter 
exponent, as shown in Figure C-1. Measured losses from the 
field tests were then compared with the predicted losses. 
Based on this comparison, a diameter exponent of 1 was 
established for the loss equation. 

Data from a floating-roof tank test program sponsored by 
the Western Oil and Gas Association (WOGA) in 1976 [42] 
were evaluated in a similar manner. The WOGA tests 
involved 13 tanks in gasoline or volatile stock service, for 
which losses were measured with similar techniques. The 
WOGA program was the first in which sophisticated density- 
measurement instrumentation was used. Data scatter in this 
developmental program was higher than in the test programs 
discussed above. Wind speeds at the tank sites were not mea- 
sured, and less information about the rim-seal conditions was 
obtained. Nevertheless, the average diameter exponent devel- 
oped from the WOGA results supports the conclusion that the 
diameter exponent in the loss equation is 1. 

The mathematical analysis and all supporting data used to 
develop the diameter exponent are in the documentation file 
for Appendix C. 
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Figure C-1—Calculated Losses as a Function of Diameter Exponent 
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APPENDIX D—DEVELOPMENT OF DECK-FITTING LOSS FACTORS 


D.1 Development Methodology 


The evaporative loss from the deck fittings on a floating 
roof is the sum of the losses from each type of deck fitting. 
The loss factor for each type of deck fitting can be estimated 
as follows: 


K, =Kj, + Kp V™ (D-1) 
Where: 
K, = deck-fitting loss factor, in pound-moles per year. 
K,, = zero-wind-speed deck-fitting loss factor, in pound- 
moles per year. 
Ky = wind-dependent deck-fitting loss factor, in pound- 
moles per (miles per hour)"*year. 
V = average wind speed in the wind tunnel, in miles per 
hour. 
m = wind-dependent deck-fitting loss exponent (dimen- 
sionless). 


The estimating equation coefficients (K,,, Kn, and m) were 
obtained [11] by fitting the curve described by Equation D-1 
to the test data [32-34] for each deck fitting. The curve-fitting 
methodology is outlined below. 

Values for the zero-wind—speed loss factor, K,,, were deter- 
mined from test results for specific deck fittings. Net emission 
Tates (E,.,) were Calculated at each of the positive wind speeds 
tested by subtracting K,, from the measured emission rate. A 
standard least squares regression routine was then used to fit a 
linear equation with the log transform of the net emission rate 
[log(E,«)] as the dependent variable and the log transform of 
the wind speed [log(V)] as the independent variable. 

The linear equation of the log-transformed data was 
expressed in the following form, where E,,, has units of 
pounds-moles per year: 


log (Exq) = log(Ky) + melog(V) (D-2) 


The least squares regression generated estimates of m and 
log(K»), which was then exponentiated to obtain an estimate 
of Kp, 

The various slotted guidepole configurations were each 
tested at multiple orientations of the slots to the direction of 
the wind. The data analyses gave equal weighting to 0, 45, 
and 90 degree orientations of the slots with respect to the 
wind direction. 


D.2 Database for Deck-Fitting Loss 
Factors 


Experimental data [30, 32-34, 51] from three API testing 
programs were used to determine deck-fitting loss factors. 
Some loss factor data at 0 mph were obtained from a 1982 
testing program [29] from which loss factors were developed 
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for the Third Edition of API Publication 2519 [2]. A limited 
selection of internal floating-roof deck fittings was included 
in this testing program. 

The other two testing programs [30, 32-34] used a wind 
tunnel to generate positive wind speeds across a deck fitting. 
Four deck fittings could be tested simultaneously in this facil- 
ity. Each deck fitting was mounted on an independent product 
reservoir that rested on a digital platform scale. The top of 
each deck fitting extended into the wind tunnel. Air passed 
over the deck fitting at a known velocity to simulate the wind 
on an actual external floating roof. Evaporation loss was mea- 
sured by a weight-change method, using a computer- con- 
trolled data acquisition system that would automatically 
record the weight of each test fixture, the product tempera- 
ture, the air temperature, and the wind speed at specified time 
intervals. 

During earlier wind-tunnel testing programs [30], the wind 
tunnel was operated at wind speeds of 0, 5, and 14 miles per 
hour. The later testing program [32—34] measured evaporative 
losses at three positive wind speeds (4.3, 8.5, and 11.9 miles 
per hour) in the wind tunnel, and conducted separate 0 miles 
per hour tests in a facility using similar test fixtures and 
weight-change methodology, but having only low levels of air 
movement that were required to prevent the build up of 
hydrocarbons vapors. 

The wind speeds measured in the wind tunnel were 
assumed to represent the wind speed at a particular deck fit- 
ting on the floating roof, which is typically lower than the 
ambient wind speed at the tank site. The correction from aver- 
age ambient wind speed to wind speed on the floating roof 
deck is represented by the wind speed coefficient, K,, defined 
in 5.2.2, 

Both single-component hydrocarbons (n-hexane) and mix- 
tures of propane and n-octane were tested during the earlier 
wind tunnel testing program. The data did not show a weath- 
ering effect for mixtures. Only n-hexane was used in the later 
wind tunnel testing program. 


D.3 Deck Fittings Tested 


The deck fittings tested in the latest testing program [32- 
34] were chosen as being representative of the most common 
deck fittings on existing EFRTs. Where possible, data from 
this testing program were used, in which the following deck 
fittings were tested: 


a. An 8-inch-diameter, Schedule 40 slotted guidepole in a 
21-inch-diameter well. Thirteen different control scenarios 
were tested having various combinations of well gaskets, 
floats, float wipers, pole wipers, and pole sleeves. 

b. An 8-inch-diameter, Schedule 40 unslotted guidepole in a 
21-inch-diameter well. Five different control scenarios were 


STD-API/PETRO MPMS 15-2-ENGL 199? MM O7322950 OS64550 761 


70 CHAPTER 19—EVAPORATIVE LOSS MEASUREMENT 


tested having various combinations of well gaskets, pole wip- 
ers, and pole sleeves. 

c. A 24-inch-diameter access hatch with an unbolted cover, 
with and without a well gasket. 

d. A gauge float in a 20-inch-diameter well with an unbolted 
cover, with and without a well gasket. 

e. An 8-inch-diameter gauge hatch/sample port with and 
without a lid gasket. 

f. A vacuum breaker in a 10-inch-diameter well, with and 
without a well gasket. 

g. A 3-inch-diameter deck drain, with and without an insert 
covering 90 percent of the drain opening. 

h. A 3-inch-diameter, Schedule 40 pipe deck leg in a 4-inch- 
diameter, Schedule 40 pipe sleeve. Testing was conducted 
with both 30-inch and 48-inch long sleeves having no gasket 
or sock (boot). Two additional test series were run with the 
30-inch long sleeve; one in which it was equipped with a gas- 
ket and another in which it was equipped with a sock. 


D.4 Analysis of the Deck-Fitting Loss 
Data 


The computer-controlled data acquisition system recorded 
the test data from the wind tunnel. The test results were docu- 
mented in the form of plots of product loss versus net time. 
Least-square regressions were performed on all the test data 
to determine the slope of the product loss data plots for each 
deck fitting at the beginning of each test. Whenever possible, 
the loss data were fitted to a first-order polynomial, and the 
loss rate was determined by evaluating the first derivative of 
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the polynomial. In several of the tests, however, the loss rate 
changed significantly as the test progressed. In these cases, 
the test data were fitted to a second-order polynomial and the 
initial loss rate was determined by evaluating the first deriva- 
tive of the polynomial at the beginning of the test. The sec- 
ond-order fit was used for all tests in which the liquid level 
changed significantly during the test. Only the initial loss 
rate was used to calculate the deck-fitting loss factor for a 
test. 

For each deck-fitting test, the deck-fitting loss factor, K;, 
was determined from the initial loss rate (in pound-moles per 
year) and the product vapor pressure. 

These normalized test data represent the bulk of the data 
used to determine the deck-fitting loss factors. However, 
some additional data were obtained from the test data used to 
write API Publication 2517 {1] and API Publication 2519 [2]. 
These testing programs [29, 30] used similar testing methods, 
but only selected deck-fitting scenarios were tested. Loss fac- 
tors for other specific deck fittings were then extrapolated 
from the loss factors of the tested fittings. 

With this information, a table of deck-fitting loss factors of 
the type used in Equation D-1 was developed. 

The loss factors developed are applicable to average 
wind speeds from 0 to 15 miles per hour, which is the same 
range applicable to the rim-seal loss factors described in 
Appendix A. 

The mathematical analysis and all supporting data used to 
develop the deck-fitting loss factors are in the documentation 
file for Appendix D. 
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APPENDIX E—DEVELOPMENT OF VAPOR PRESSURE FUNCTION 


In the First Edition of Publication 2517 [46], the evapora- 
tive-loss correlation included a vapor pressure function in the 
form of the following empirical relationship: 


07 0.7 
P= (a7-9) sleenaml = EY 


Where: 


P = true vapor pressure, in pounds per square inch abso- 
lute. 


This function has the undesirable property that when the 
stock true vapor pressure approaches 14.7 pounds per square 
inch absolute, the evaporative loss rate becomes infinite. 
Therefore, a new vapor pressure function was derived that 
approaches a finite value as the true vapor pressure 
approaches atmospheric pressure. 

The following vapor pressure relationship was derived [44} 
based on theoretical considerations: 


pea 
{1+[1-(P/P,)]"} 
Where: 
P = trve vapor pressure, in pounds per square inch abso- 
lute. 
P, =atmospheric pressure, in pounds per square inch 
absolute. 


This vapor pressure function results in a finite evaporative 
loss rate as the true vapor pressure approaches atmospheric 
pressure. Therefore, this function is a more appropriate one to 
use in predicting evaporative loss. 

To determine the effects of the P* relationship, a series 
of tests [16] were performed in which only the stock true 
vapor pressure was varied. During this series of tests, the 
stock was a mixture of propane and n-octane in which the 
propane content was varied to change the product vapor 
pressure from 0.75 to 9.25 pounds per square inch abso- 
lute. Test results were plotted as loss rate versus wind 
speed for each test and clearly showed increasing loss rate 
with increasing vapor pressure. 
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To choose the more appropriate vapor pressure function, 
the test results were normalized with respect to each vapor 
pressure function. Curves for the loss functions versus wind 
speed were developed. 

The evaporative-loss equation can be written as follows: 


E = K,M,DPV’ (E-3) 
Where: 


P = some function of vapor pressure. 
To normalize for vapor pressure (and molecular weight), 
the equation can be rewritten as follows: 


F= KV’ 
M 


-4) 


~ 


Vv 


Where: 
K = constant equal to K, D. 


To evaluate a given vapor pressure function, the function 
can be substituted into Equation E-4. by plotting log (E/M,P) 
versus log V, the data can be analyzed with a linear regression 
technique to determine the values of K and n that yield the 
best-fitting curve. The correlation coefficient calculated for 
each curve can then be used to evaluate how well the vapor 
pressure function accounts for changes in loss with varying 
vapor pressure. 

Such an analysis was done for both vapor pressure func- 
tions, P’ and P*. It was found that both functions were 
approximately equally good predictors within the range 2.50- 
9.25 pounds per square inch absolute. No tests were made at 
higher vapor pressures. One test was made below this range, 
at 0.75 pounds per square inch absolute; neither function pre- 
dicted the results of this test as accurately as it predicted the 
results of the other tests. 

It was concluded that the theoretically derived vapor pres- 
sure function, P* (Equation E-2), is the most appropriate func- 
tion to use in the evaporative-loss equation, since it approaches 
a finite value as P approaches P,. This function is judged to be 
applicable for non-boiling stocks down to a true vapor pres- 
sure of approximately 1.5 pounds per square inch absolute. 

The mathematical analysis and all supporting data used to 
select the vapor pressure function are in the documentation 
file for Appendix E. 
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APPENDIX F—DEVELOPMENT OF PRODUCT FACTORS 


F.1 General 


The test-tank data used to determine relative losses were 
obtained with mixtures of propane and n-octane, using direct 
measurement of vapor losses. To apply these results to refined 
products, such as gasolines, and to crude oil stocks, it was 
necessary to relate direct measurements from gasoline and 
crude oil to the mixtures of propane and n-octane under the 
same rim-seal configuration and wind-speed conditions. It 
was expected that after the measurements were normalized 
for differences in true vapor pressure and vapor molecular 
weight, these different stocks would have the same loss. 
However, differences in losses were observed even after this 
normalization. Therefore, a product factor, K,, was needed in 
the loss equation to account for this observed difference in 
losses from one stock to another. 


F.2 Theoretical Considerations 


Crude oil losses were significantly lower than the losses 
from the mixtures of propane and n-octane under the same 
conditions of rim-seal configuration and wind speed. This dif- 
ference was attributed to mass transfer effects that would 
occur when the evaporation was taking place under nonequi- 
librium conditions. If the rate at which evaporation occurs 
exceeds the rate at which the evaporating light ends migrate 
from the liquid bulk to the liquid surface, the evaporation is 
occurring under a nonequilibrium condition. The migration 
rate of the light ends depends strongly on the viscosity of the 
liquid; that is, as stock viscosity increases, migration rate 
decreases, promoting nonequilibrium conditions. Therefore, 
under the same conditions, as a stock’s viscosity increases 
compared with that of mixtures of propane and n-octane, the 
loss will be less. 


F.3 Crude Oil Factor 


Evaporative loss data for crude oil and mixtures of propane 
and n-octane at varying wind speeds and three different rim- 
seal configurations were compared to quantify a crude oil 
product factor [26]. The data were first analyzed as described 
in Appendix B and the documentation file for Appendix F. 
After the data were normalized for vapor pressure and vapor 
molecular weight, the average ratios of losses from crude oil 
to losses from mixtures of propane and n-octane were calcu- 
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lated. For rim-seal systems tested with only a primary seal, 
the average ratio was approximately 0.3. For rim-seal systems 
that included a rim-mounted secondary seal, the ratio was 
approximately 0.6, although the absolute magnitude of the 
crude oil losses was lower. 

The increase in the product factor when a secondary seal 
was present is consistent with a reduced loss rate (that is, 
more nearly equilibrium conditions) caused by the secondary 
seal. However, more data are necessary to confirm that these 
factors are generally applicable. By averaging all the data 
together, an average product factor of 0.4 was determined. 
Because of the limited database, it was judged that 0.4 is the 
most appropriate product factor for all tanks used to store 
crude oil, regardless of the tank rim-seal system. 

The crude oil factor is judged to be conservative for crude 
oils in general, since a relatively light crude oil was tested and 
heavier crude oils would have lower product factors. 

The first edition of API Bulletin 2518 [6] on losses from 
fixed-roof tanks included a product factor of 0.58 for crude 
oil losses compared with gasoline losses. Although the data 
on which this factor is based are not directly comparable with 
data for floating-roof tanks, they tend to support the crude oil 
product factor discussed above. Also, a theoretical determina- 
tion [26] of the expected crude oil product factor resulted in 
an estimate of 0.5, which also supports the test results. 


F.4 Gasoline Factor 


Evaporative loss data for gasoline were also compared with 
the loss data for mixtures of propane and n-octane [24]. These 
data were available only for a single rim-seal condition at a 
single wind speed. By a similar analysis, a ratio of losses 
from gasoline to losses from mixtures of propane and n- 
octane of approximately 0.9 was calculated. However, 
because of the similarity in viscosity between gasoline and 
mixtures of propane and n-octane and the limited loss data 
available for comparison, a product factor of 1.0 was judged 
to be reasonable and conservative for predicting gasoline 
losses. (That is, such calculated losses will be higher than 
losses calculated using a factor of 0.9.) 

The mathematical analysis and all supporting data used to 
develop the product factors are in the documentation file for 
Appendix F. 
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APPENDIX G—DEVELOPMENT OF CLINGAGE FACTORS 


G.1 General 


A number of shell-wetting tests were performed to esti- 
mate the amount of stock remaining on the tank shell as the 
floating roof descends while the tank is emptied. In these 
tests, a steel test plate was immersed in stock and then slowly 
withdrawn past sections of rim seal to simulate roof travel 
inside a tank. 

A container was filled with a known volume of the test liq- 
uid. The test plate was slowly pulled out of the liquid between 
a pair of resilient-foam-filled seals 2 feet in length at a rate 
roughly equivalent to that at which a tank would be emptied. 
The plate was then reimmersed after most of the liquid had 
evaporated, and the remaining volume of liquid was deter- 
mined. Enough tests were made to determine an accurate vol- 
ume change, from which the clingage factor, C, in barrels per 
1000 square feet, was calculated. 

A separate series of tests was conducted to determine the 
evaporation that would have occurred without movement of 
the test plate, so that the results could be adjusted to represent 
only the withdrawal loss due to stock clingage to the test plate. 


G.2 Gasoline Tests 


Four shell-wetting tests [27] were conducted with n-octane 
stock, which has clingage characteristics representative of 
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those of gasoline. A lightly rusted steel plate was used, and 
the seal position was varied. The resulting clingage factors 
ranged from 0.0010 to 0.0019 barrels per 1000 square feet, 
with an average of approximately 0.0015 barrels per 1000 
square feet. The test results are considered conservative, since 
rim-seal pressure was not introduced to produce a wiping 
action on the steel plate. 


G.3 Crude Oil Tests 


Five shell-wetting tests [26] were conducted with a 
medium-volatility crude oil. Again, a lightly rusted steel plate 
was used, and the seal position was varied. The resulting clin- 
gage factors ranged from 0.0032 to 0.0072 barrels per 1000 
square feet, with an average of approximately 0.0060 barrels 
per 1000 square feet. 


G.4 Other Shell Conditions 


Clingage factors for dense rust were determined by multi- 
plying the values for light rust by a factor of 5. This factor is 
based on data referred to in the first edition of API Publica- 
tion 2517 [46], This publication also referred to data that indi- 
cated that gunite-lined tanks have a clingage factor 100 times 
greater than the factor for a lightly rusted steel. The resulting 
clingage factors are summarized in Table 17. 
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APPENDIX H—DEVELOPMENT OF FITTING WIND-SPEED CORRECTION FACTOR 


H.1 Mathematical Development of Fitting 
Wind-Speed Correction Factor 


Evaporative loss from EFRTs has been shown to be wind 
dependent. The floating roof of an EFRT is partially shielded 
from the effects of ambient wind by the shell of the tank. A 
fitting wind-speed correction factor, K,, has been added to the 
deck-fitting loss equation to account for the reduction in wind 
speed across the floating roof as compared to the ambient 
wind speed. This addition results in the following form of the 
deck-fitting loss estimating equation: 


Ky = Ky+ Ky (K,V)” (H-1) 


a 
\ 


= deck-fitting loss factor, in pound-moles per year. 
K;,, = zero-wind-speed deck-fitting loss factor, in pound- 
moles per year. 
Ky = wind-dependent deck-fitting loss factor, in pound- 
moles per (miles per hour)™+year. 
K, = fitting wind-speed correction factor, dimension- 
less. 
V = average ambient wind speed at the tank site, in 
miles per hour. 
m = wind-dependent deck-fitting loss exponent (dimen- 
sionless). 


A value for the fitting wind-speed correction factor, K,, was 
developed from wind tunnel testing, an industry survey of 
typical floating roof positions (that is, variations over time of 
the product level in actual storage tanks) and an evaluation of 
field measurements of wind speed on a floating roof. 


H.2 Database for Fitting Wind-Speed 
Correction Factor 


A wind-tunnel testing program [35] modeled EFRTs of 48, 
100, and 200 feet in diameter, with the floating roof positioned 
at three different heights in each tank. Average horizontal wind 
speeds were calculated for each floating roof height range at 
28 locations across each floating roof deck. The floating roof 
heights chosen were grouped to result in three ranges of float- 
ing roof height as follows: 


0.35 s R/H $0.75 
0.80 < R/H $0.90 
R/H = 1.0 


(The ratio R/H is the ratio of the floating roof height to the 
tank shell height.) 

A survey [36] of product levels in EFRTs was conducted in 
order to develop a frequency distribution for the position of the 
floating roof. Forty tanks were evaluated based on 12 consecu- 
tive monthly records of liquid level. 
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Field data [36] were also used in the development of a fit- 
ting wind-speed correction factor. Measurements of wind 
speed were taken at two external floating roof tanks at a 
petroleum refinery over an eleven-month period. Site wind 
speed was measured at a platform located at the top of the 
shell of one of the tanks. Wind speed across the floating roof 
of each tank was measured at two locations on the deck, one 
near the perimeter and one near the center of the deck. Both 
horizontal and vertical wind speed were measured. Approxi- 
mately 30 readings were taken per day. Five months worth of 
data from one of these tanks were evaluated which, after 
adjusting for interruptions in the field measurements, resulted 
in a database derived from 142 days of measurements. 


H.3 Analysis of the Fitting Wind-Speed 
Correction Factor Data 


The wind-tunnel testing program [35] concluded that a sin- 
gle factor could reasonably be used to account for the reduc- 
tion in wind speeds for all areas of the floating roof, at all roof 
heights and tank diameters. This factor was determined by 
calculating separate correction factors for each of the roof 
height ranges and then calculating a weighted average of 
these three factors based on an assumed distribution of time 
that the floating roof would spend in each height range. The 
distribution was based on a complete cycle of a floating roof, 
where the tank begins empty, rises through each height range, 
and then empties back through each range. This assumption 
results in the following distribution: 


R/H Range Frequency 
0.35 < RH < 0.75 40 percent 
0.80 < R/H < 0.90 40 percent 
R/H=1.0 20 percent 


The wind-tunnel testing program determined that the wind 
speed on the floating roof is about 0.4 times the ambient site 
wind speed in the first two height ranges, but increases to 
about 0.7 times the ambient at the third roof height. Although 
the third roof height (R/H = 1.0) is not a position that occurs 
in the normal operation of storage tanks, it was conservatively 
included in the calculation of the weighted average correction 
factor. A value of 0.52 was calculated for the single fitting 
wind-speed correction factor. 


Assumed Survey 
R/H Range Frequency Frequency 
0.35 $ R/H £0.75 40 percent 77.7 percent 
0.80 < R/H $0.90 40 percent 15.6 percent 
R/H = 1.0 20 percent 6.7 percent 
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The frequency distribution assumed in the wind-tunnel 
testing program was compared to that resulting from a survey 
[36] of external floating-roof tank liquid levels. The compari- 
son is shown in the following table: 


While the weighted average single factor had assumed the 
floating roof to be at the top of the tank shell 20 percent of the 
time, in the survey it was found to be in the top 10 percent of 
the shell height only 6.7 percent of the time. The distribution 
assumed in the wind-tunnel test study was therefore conserva- 
tive compared to the distribution determined from the survey. 

The weighted average single factor was also compared to 
field data [36]. Daily average wind speeds were determined 
from the approximately 30 readings per day at each of the 
two locations on the floating roof, as well as at the platform. 
The wind speeds were summed for each measurement loca- 
tion and the ratio of floating roof to ambient wind speed was 
calculated for the two deck locations. The resulting ratios 
were 0.45 for the outer area of the deck and 0.53 for the inner 
area. The resulting average, 0.49, corresponded well with the 
value of 0.52 calculated for the weighted average single fac- 
tor from the wind-tunnel test program. 


H.4 Adjustment of the Fitting Wind-Speed 
Correction Factor for Turbulence 


The data analysis for the development of a weighted aver- 
age single factor considered only the horizontal component of 
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the wind speed, in that the deck-fitting loss factor develop- 
ment was based on horizontal wind flow in a wind tunnel. 
Although the affect of turbulence on evaporative loss from 
deck fittings is unknown, an increase in turbulence may cause 
an increase in evaporative loss. 

In that the field study measured both horizontal and verti- 
cal wind speed vectors, this data was used to add a vertical 
component to the fitting wind-speed correction factor. A vec- 
tor addition was performed [37] on the horizontal and vertical 
components of the wind speed measured on the floating deck 
to determine a total deck wind-speed vector for each daily 
average at both inner and outer locations. The ratio of deck to 
ambient wind speed was calculated for each data point and 
measurement location. An average ratio was then determined 
for the inner and the outer locations. These two ratios were 
then averaged and an average fitting wind-speed correction 
factor of 0.69 was calculated. 

The field data indicate that a vertical wind-speed compo- 
nent is present at the deck surface on an EFRT. In the absence 
of data to evaluate the effect of a vertical wind-speed compo- 
nent on evaporative loss, the result of the vector addition was 
used to determine a value of 0.7 for the fitting wind-speed 
correction factor. 

The mathematical analysis and all supporting data used to 
develop the fitting wind-speed correction factor are in the 
documentation file for Appendix H. 
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APPENDIX I-—-DEVELOPMENT OF DECK-SEAM LOSS FACTORS 


1.1 Mathematical Development 


The evaporative loss factor, F,, for the deck seams on an 
internal floating roof can be estimated as follows: 


F, =k SA (-1) 


Where: 


F, = total deck-seam loss factor, in pound-moles per 
year. 
k = loss rate per unit length of deck seam, in pound- 
moles per foot*year. 
deck-seam length factor, in feet per square feet. 
area of the floating roof deck, in square feet. 


Sy = 
A= 


Substituting ™D74 for A, where D is the diameter of the 
tank in feet, yields: 


F, =k SynD'/4 (1-2) 


Defining a deck-seam loss per unit seam length factor, K,, 
as the product of the loss rate & and the constant ratio 1/4 
results in the following: 


F,= Ky S,D’ (1-3) 


Where: 


K, = deck-seam loss per unit seam length factor, in pound- 
moles per footeyear. 


The deck-seam length factor, S,, is defined as the ratio of 
the total length of deck seams, L, to the area of the deck, A. 
For continuous sheet construction this ratio may be approxi- 
mated as: 


Sa = /w (1-4) 
Where: 
w = sheet width, in feet, and for rectangular panel con- 
struction: 
Sy = (I+w) / (lew) (I-5) 
Where: 
! = panel length, in feet. 
w = panel width, in feet. 
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The total deck-seam loss factor, then, is a function of the 
loss rate per unit length of deck seam and the total length of 
deck seams in the floating roof. 


1.2 Database for Deck-Seam Loss 
Factors 


Experimental data [29] were used to determine the deck- 
seam loss factor coefficient, k. Losses were measured in a 20- 
foot-diameter internal floating-roof test tank by monitoring 
both the airflow rate induced through the space between the 
floating roof deck and the fixed roof and the hydrocarbon 
concentration in the inlet and outlet air. 

Two deck constructions were tested in this facility. One 
was a noncontact deck with overlapping sheet construction, 
in which deck seams only occurred along the edges of the 
sheets, The other was a contact deck with abutting panel con- 
struction, having deck seams along each edge and perpendic- 
ular joints at the corners of the panels. Seams of welded decks 
were not tested in that it was assumed that no losses occur 
from properly welded seams. 


1.3 Analysis of the Deck-Seam Loss Data 


For each of the two types of deck construction tested, a loss 
rate was determined in units of pound-moles per day. Divid- 
ing this measured loss rate from the test tank by the total 
length of deck seams in the floating roof, a loss rate was 
developed in terms of pound-moles per day per foot of deck 
seam length. Since it was not possible to determine from the 
test results the relative effects on loss rate of the deck location 
(contact versus noncontact) as compared to the deck seam 
construction details and since the measured loss rates from 
the two tests were of the same order of magnitude, the results 
were averaged to develop a general deck-seam daily loss rate. 
The loss rate per unit length of deck seam, k, was then deter- 
mined as the product of the daily loss rate multiplied by 365 
days per year. Combining & with the constant ratio 1/4 pro- 
duced the deck-seam loss per unit seam length factor, Kj, in 
pound-moles per footeyear. 

The mathematical analysis and all supporting data used to 
develop the deck-seam loss factors are in the documentation 
file for Appendix I. 
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APPENDIX J—DOCUMENTATION RECORDS 


The documentation records for this publication contain the 
following files: 


a. Documentation file for Appendix A, “Development of 
Rim-Seal Loss Factors.” 

b. Documentation file for Appendix B, “Development of 
Rim-Seal Relationship Between Airflow Rate and Wind 
Speed.” 

c. Documentation file for Appendix C, 
Diameter Function.” 

d. Documentation file for Appendix D, 
Deck-—Fitting Loss Factors.” 

e. Documentation file for Appendix E, 
Vapor Pressure Function.” 

f. Documentation file for Appendix F, 
Product Factors.” 


“Development of 
“Development of 
“Development of 


“Development of 
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g. Documentation file for Appendix G, “Development of 
Clingage Factors.” 

h. Documentation file for Appendix H, “Development of Fit- 
ting Wind-Speed Correction Factor.” 

i. Documentation file for Appendix I, “Development of 
Deck-Seam Loss Factors.” 


The documentation records are maintained and are avail- 
able for inspection at the Measurement Coordination Depart- 
ment, American Petroleum Institute, 1220 L Street, N.W., 
Washington, D.C. 20005. 

Copies of some of the sections may be obtained from API 
on request for a fee. 
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Additional copies available from AP! Publications and Distribution: 
(202) 682-8375 


Information about API Publications, Programs and Services is 
available on tha World Wide Web at: http:/Avww.api.org 


American 1220 L Street, Northwest 
[ ) Petroleum —_ Washington, D.C. 20005-4070 


Institute 202-682-8000 Order No. H19021 
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